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A WORKING MODEL OF THE TIDES 
By Professor W. M. DAVIS 


HARVARD UNIVERSITY 


NUMBER of years ago when Dr. Isaiah Bowman, now director 

A of the American Geographical Society of New York, was 
one of my students, he made under my supervision a working model 
of the tides, which ought to have been described at that time, and 
which, as the real tides are still running, deserves description even 
at this delayed date. The model consisted of a zine-lined box, 
about 5 feet square and 10 inches deep, along one side of which 
the border of a continent was built up of clay and cement with a 
relief of 6 or 8 inches, so that an ocean, occupying the rest of the 
box to a depth of 5 or 6 inches, might lap upon the continental 
slope and mark its shore line. Hanging from springs and dipping 
into the ocean on the side of the box opposite the continent was a 
piece of plank which we called the plunger; by raising and lower 
ing it slowly in a 5- or 10-second period as desired, undulations 
were produced which ran across the ocean and impinged like 
tide-waves' upon the continent, where, on being modified by the 
varied configuration of the shore line, they imitated a variety of 
tidal phenomena. The imitation was not a mere analogy but a 
true homology, for the tides are in reality nothing but a series of 
waves of small vertical range, of large length from crest to crest, 
and of 12 hour 26 minute period, which run ashore from whatever 
part of the ocean their source may lie in.* In the open ocean their 
vertical range is unknown, but it must be small; the range is in 
reased as the waves run from a deep ocean into the shoaling water 
1 continental margin, and the form of the magnified waves is 


‘The term, tide-wave, is used here in order to avoid confus 
m, tidal wave, which has unfortunately come to be ed 
waves, 

“See ‘‘Tilustrations of tides by waves,’’ Journa 
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then further modified according to the pattern of the sh 
All these features were nicely imitated in the working mod. 
The configuration of the modelled continental margi; 
embayments is roughly shown in the accompanying figure. }; 
the submarine contour lines have vertical intervals of aboy 
an inch, which may be taken to represent several hundred | 
the real ocean. An inch in the diagram represents ab 
in the model, and 20 or 30 miles on a continent. No atte 
made to give the land surface a reasonable form: the patt 
the shore line was the important factor. Short threads or ; 
attached to the bottom, serve to show the tidal currents: ¢} 
rise and fall can be measured on vertical gages divided 
inches and fractions, and set up at various points as needed 
long stretch of simple outer shore line, ABC, trending somew) 
obliquely to the approach of the open-ocean tide-waves, al! 
tide to pass along it in the order of the letters. Attentior 
be first given to the tide on such an outer shore line beeays 


} 


there exhibits some of the most characteristic, and at 


V2 








Sea 


DIAGRAM OF A CONTINENTAL BORDER FOR A TIDE MODEL. 
inch to a foot. Submarine contour interval, about one half il 
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time some of the least generally understood tidal phenomena; 


namely, the occurrence of high water not at the end of the run 


of the flood current, but at about the middle of that run, when it 
has the greatest velocity; and conversely, the occurrence of low 
water at about the middle of the run of the ebb current, and at 
the time of its greatest velocity ; while rising slack water occurs at 
about half height between low and high water, when ebb changes 
to flood; and falling slack water at about half height between 
high and low water, when flood changes to ebb. Such is the normal 
relation of these tidal elements. 

If the rise and fall of the plunger be so adjusted that the ver- 
tieal range of tide upon this simple stretch of the outer shore is 
half an inch, the horizontal range of the alternating flood and ebb 
currents may well be as much as 2 or 3 inches. Any one who 
sees this combination of vertical and horizontal movements and 
realizes that, when combined, they produce an orbital movement 
in the water, will be prepared to understand the relation of the 
vertical and horizontal movements of the actual tides on a simple 
outer shore line. The orbits will be perceived to be long flat ovals, 
in which the flood current is the forward movement in the upper 
half of the oval, and the ebb current is the backward movement 
in the lower half. Evidently, high water, which is produced by 
the rise of the water to the top of its orbit curve, must be at the 
middle of the run of the flood; and low water must similarly be 
at the middle of the run of the ebb. In actual tides on an outer 
shore line, the vertical range may be only a few feet, while the 
horizontal range, that is, the run of the flood and the ebb currents, 
may be almost as many miles. Hence in the orbital movement of 
the ocean water where a tide passes along a simple outer shore 
line, the horizontal diameter of the orbit may be several thousand 
times as great as the vertical diameter. 

No one who learns this feature of the tides—and it is, as above 
stated, one of the most characteristic features of the tides on an 
uter shore line—will fail to understand that flood and ebb cur- 
rents are just as essential tidal phenomena as, and indeed are much 
larger phenomena than rising and falling water. And no one who 
learns this feature from its simple exposition in a working model 
will have any trouble in understanding that, on an outer shore 
line of simple pattern, the rise of the tide from low water to high 
water takes place during the last half of the ebb and the first half 
of the flood ; and likewise that the fall of the tide from high water 
to low water takes place during the last half of the flood and the 


first half of the ebb. 
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The manner in which these currents combine in orde; 
duce changes of ocean level may be understood after one 
that high water does not occur at the same time all alone ; 
tinental margin. If the stretch of the outer shore ling 
made long enough to exhibit a high tide at C when the 
lowing low tide is at A and the intermediate falling slack 
is at B, attentive observation will disclose the explanat 


that at the moment when the tides are so disposed, the wate, 


tween B and C is moving, as part of a flood current, 
while the water between B and A is moving at the same 
as part of an ebb current, toward A. Hence as the wate: 
side of the slack point, B, is moving away from that poi 
water at the slack point must be falling, in preparatio: 
low-water phase of the tide-wave which will soon arriv: 
the other hand, when a high-water phase is at A and a 
phase is at C, the water is moving toward B from either s 
hence the slack water there must be rising in 
arrival of the next high-water phase. 

A long, narrow and shoaling bay, DEF, indents t] 
coast. It may represent such actual indentations as Del 
Chesapeake bays. The high-tide wave may be watched 
the bay and runs up it; and one may then note that 
occurs later and later at points farther and farther in! 
the rate of advance of high water up the bay becomes sl 
slower as it advances into shallower and shallower water, 
the vertical range of the tide, perhaps increasing at first 
decreases to smaller and smaller measures as the bay head 
proached. With the slower advance of high water in th 
distance from one high water to another, that is, the lengt! 
tide-wave, diminishes. One may also discover that in this | 
relation of the flood and ebb currents to high and low wat: 
the two slack waters gradually departs from the normal 
which they held on the outer coast, ABC, until, direct}; 
closed head of the bay, the slack waters coincide with hig! 
water, the flood current runs up from low water to | 
and the ebb current runs down from high water to low v 
is the special relation of these tidal elements at bay heads 

By constructing shoals of various depths and bre 


the bay sides, the unlike dimensions of tidal flats for t 
half-t 


+ 


lar range may be exhibited. By opening a shallow, 


bayment on one side of the main bay, as at F, a minutely rip] 


rush of rising tide will advance over it, like that which ta 
on a vastly larger seale in the Bay of Mont St. Miche 
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rthwestern coast of France. If the main bay be long enough, 
be tides may be reduced to a hardly perceptible range at its dis- 
tant head. If, instead of being closed at its head, the bay there 
receives a river, GE, down which a gentle current of water runs 


from a faucet at G—a compensating outflow being provided in an 


eseape pipe at one end of the ocean—the combination of river 


urrent running down-valley and of the tidal wave running up- 
valley may be examined. Experiment is here needed to determine 
satisfactory relation of river current and tidal oscillation. 
A small bay, H, will exhibit very clearly at its inner er 


‘ial bay-head relation of rising and falling tide and flood 


3 


bb eurrents just described for the larger bay, DF, where that 
relation will not be well shown if a good-sized river, GE, opens 
nto the bay head. Tidal currents will be relatively weak in the 
small bay, and must be inconspicuous at its head. It is presumably 
because most persons who look casually at the tides see them at or 
near bay heads that the special relation there obtaining between 
the rise and fall of the tide and the weakened run of the flood and 
ebb currents has come to be regarded as the normal and general 
relation; but in reality the normal relation is, as explained above, 
that exhibited on the outer shore line, ABC. It is, furthermore, 
very likely because harbor tides are ordinarily seen by casual 
bservers that the vertical change of level has come to outrank 
the horizontal currents in the popular estimation of tidal phe- 
nomena. To be sure, change of water level and hence change of 
lepth in harbors gives the vertical range there a practical impor- 
tance in navigation which greatly exceeds the leisurely run of the 
tidal eurrents in such situations; but in coastwise navigation a 
little way off shore, where depth is sufficient even at low tide, the 
run of the currents is more significant than the tidal rise and fall. 
For example, as schooners can not sail very close to the wind they 
may find it necessary to anchor if wind and tidal currents are both 
unfavorable and wait until the current slacks and changes; then, 
with the current in their favor, beating against the wind is pos 
sible. I have seen a fleet of over 70 east-bound schooners thus 
lying at anchor in Nantucket sound while the wind and current 
were both against them; but as soon as the current changed, they 
ill heaved anchor and set sail, making their way eastward around 
Monomoy point against the wind and then as fast as possible north- 
ward along the harborless outer side or ‘‘back’’ of Cape Cod. 

If the small bay, H, be of appropriate configuration, the tide 
may inerease slightly toward its head, instead of diminishing as at 
the head of the long bay, DE. And if a bay have a configuration 
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like a pouch or funnel, well opened and fairly deep 

as in bay J, the swashing oscillation of a standing wa 

of the undulation of an advancing wave, may be produc 
Such an oscillation will have an exaggerated vertical 

head of the bay, as is the case in the Bay of Fundy. In a gs 
wave of this kind, it should be noted that high water is , 
more delayed at the head than at the mouth of the bay, | 
almost simultaneously all along the bay length. If the exac 
high tide at the bay head enters a river, K, it will produ 
bore, or rushing wave of translation, rolling over and 


its front as it hurries up the river channel and rapidly { 


high-tide level. The fall to low tide is more gradual 
river bore causes high water to occur nearer to the pree 
to the following low water. 

Another bay, M, of moderate size, constricted at its 1 
sand reefs between which only a narrow inlet remains 0) 
have a reduced range of tide as compared with the adjoir 
shore line or with neighboring open bays; but it wil 
greatly accelerated tidal currents rushing alternately 
through the narrow inlet, in their unsuccessful effort 
bay as great a tidal range as that outside. The troub! 
they have not time, in the short period of the tides, 
they try to do. It may be noted that, if a bay of this k 
bears around its shore the marks of high-water wave wor! 
before the sand reefs enclosed the bay mouth, such marks 
stand somewhat higher than the diminished reach of hig! 
since the enclosure of the bay; and an observer on discove! 
discrepancy and not understanding its origin might cor 
a slight elevation of the land had recently taken place th 
if the observer be acquainted with Johnson’s principle 
the relation of the changes in shore lines made by waves 
to the changes imposed on the tides by the changing shor 
he will perceive that the discrepancy between the former 
present reach of high tide in the bay is not the result of 
tion of the land, but simply, as above intimated, of a | 
tion of tidal range in the bay by reason of the formatio: 
reefs across the bay mouth. 

By adding a small bay, L, with a narrow entrance, 
of the pouch bay, J, and making the bottom of the sid 
trance about at half-tide level, the in-and-out currents 

3 Good pictures showing the great range of tide in the Bay 


of the bore in the Peticodiac River, which enters the bay 
given in the National Geographical Magazine for February, 
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iting from the strong rise and fall of the tide in the pouch 
will act like a reversing cascade, such as occurs on a rocky ledge 
t the entrance to the harbor of St. John, New Brunswick. Finally 
long river, N, may exhibit more clearly than the shorter rive: 
GE. the interaction of river and tidal currents, the diminution of 
tide-wave length, and the gradual extinction of the tide up str 
e river be long enough, two or more high tides may be 
vaneing up it at the same time. If the mouth of such a 
‘s somewhat funnel-shaped, the entering tide may take the 
of a moderate bore, but less pronounced than that produced 
pouch bay, J, leads up to the river, K. 
It has been tacitly assumed thus far that the beds of the rir 
GE. K and N, lie a little below mean sea level so far as they 


‘nuded in the model; in that ease the ‘‘head of tide’’ will n 


inetly marked. Let the bed of river, N. therefore, have 
slightly increased slope, so that it rises above sea level about three 
quarters way up stream from its mouth to the model side. A well 
lefined contrast will then appear between the slender stream, which 
s fed from a faucet at the margin of the model and which runs i: 
, trickling current down the upper quarter of the channel as a 
rue river, and the much larger water course which, backed up 
from the ocean, occupies the lower three quarters of the channel 

1 sways back and forth with the tides. Many of our Atlantic 
rivers exhibit this marked change of size at the head of tide. Dow 
stream from that point the river becomes an estuary. Although 
the volume of water discharged from such an estuary to the ocean 
is little more than that received by the estuary from the true rive 
at head of tide, the volume of water moved in the tidal currents 
of the estuary is immensely greater than the river discharge. 

One thing more: when the tide-waves are working on the oute! 
shore and in all the bays and rivers, it should be noted that, how 
ever much they are changed in wave length, in rate of progress, 
in range and in force, their period, that is, the time between the 
passage of two high tides at a given point, remains unchanged: it is 
everywhere the same. 

Nearly all the tidal phenomena here described were well illus 
trated in our working model, but some of our efforts were not 
wholly successful. For example, we tried to construct an island 
in the large bay of such form and dimensions as to admit a tide 
wave around each of its ends, so that there should be a point be 
hind the island where the two tide waves, travelling unlike dis 
tances, would arrive with opposite phases and thus neutralize each 
other, producing a no-tide node of unchanging level. Such a no 
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tide node was predicted by Whewell for the North S; 

wards discovered at a point where two tidal waves, . 

by the Straits of Dover on the south and the other coming 

Seotland on the north, meet and counterbalance each ot! 

is little question that, had our experiments been continued 

longer, a no-tide point could have been produced. An 

feature that we wished to illustrate but did not real 

accelerated currents in a strait, like Hell-gate betwe: 

harbor and Long Island sound. In this case a tide-way: 

from one extremity of a long island produces high water 

of a short strait when the corresponding tide-wave arriy 

the other extremity of the long island produces low wat 

other end of the strait: a strong gradient is thus produe 

strait and as a consequence the water rushes through it. 

way, then the other, whirling and eddying as it goes. T 

whirling currents of Hell-gate have been greatly dimi) 

blasting away the rock ledges that formerly obstructed the 
There is another manifestly possible development of 

that we did not attempt; tHat is, a combination of tv 

driven by clock-work with slightly different periods and 

so that the one of longer period and greater range makes 13 os 

tions while the one of shorter period and smaller range makes |! 

oscillations, thus illustrating the luni-solar tides. If the plunger 


+ 


were hidden behind a curtain or screen, it would be an interesting 
problem for an attentive observer to determine the pe 
ranges of the tide tide-making forces by studying the var 
of the little tides on the imitation continental shores. Whet 
would be worth while to complicate the movements of the pl 
still further so as to exhibit the diurnal inequality of tl 
must be left to some willing experimenter. 

What the real and lasting value of a working model 
kind may be remains to be determined. Perhaps it will ha’ 
ineluded in that long list of laboratory devices which on 
uses and which his successor diseards.* Indeed, our tid 
was merely an example of those contraptions which one 
same teacher uses for a time and then abandons, becaus: 
of time or because of redistribution of emphasis in 
his teaching; for that was the fate of the model above 
But if a working model of this kind were made for the 
a public museum, and on so large a seale that the ocean area 


ria 


1 


The 


4It is to be feared that this fate has overtaken a number 
of geological apparatus recently reported to H. F. Cleland fron 
laboratories and described in his article, ‘‘ Demonstration te 


ogy,’’ Bull. Geol. Soc. Amer., xxxiii, 1922, 56-85. 
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ve a width of some 10 feet and the continental border 


¢ 15 or 20 feet, it would surely attract the attention of 
if for no other reasons than that it would be a 


i ure 


The movement of its floats and current-threads and 


rise and fall of the water surface on its graduated gages would 


stop the casual visitor, and after stopping, he might really look 
losely to see what is going on. The plunger that actuates the tide 


waves should be concealed, as it would otherwise take too much of 


an observer’s attention. It is said that the number of visitors to 


Preased 
Increased 


, museum of mechanical models in London was greatly i: 


when, from being merely stationary exhibits, they were 


made to 


But if a working tidal model is set up in a museum, one tl] 
s certain; it ought to have a series of what are known as quest 
labels set up around it, by which an observant visitor shall be kk 
to find out for himself the nature of the phenomena that the m 
illustrates. If only a mere name-label were on such a model, 


would have very little value. How often, indeed, does one see 
itors in a museum look at a name-label, and upon thus learning 
most artificial part of the exhibit, walk away with hardly a 
the thing that is named! Let me emphasize this point by 
vase of a museum exhibit of a group of anthropoid skeletons. 
Below each of the skeletons in such an exhibit one ord 


i 


tne 
vrlance 


rey 


sees a name-iabel; a scientific name, to be sure, but nothing mor 
Yet each skeleton shows many more facts than its name; and 
facts about the skeletons are best learned by observation, not by 
reading name-labels. It may be said, of course, that the skeletons 
re in plain sight, directly before the visitor ; and that if the visitor 
wishes to see what the skeletons are, he has only to look at them. 
But this overlooks the patent fact that most visitors to muse 
lo not know how to look at the exhibits; and that, even if t 
look, they do not really see much of what they look at. 
sands of visitors pass groups of anthropoid skeletons in var 
museums, and hardly one in a thousand of them consciously 
the extraordinary facts which the skeletons expose. Would it 
therefore be worth while to attach to such exhibits a few questi 


labels, running somewhat as follows: 


Does any one of these skeletons possess a 
by a similar bone in all the other skeletons? 

Which skeleton has the heaviest or the 

its size? 

Which skeleton has the largest bone surf 
muscles ? 


A 


Which skeleton therefore seems to represent 
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Are the skeletons arranged in order of inferred strengt 

In which skeleton are the arms of greatest or of least 
tion to height? 

If the arms were straight and the skeletons were er 
the legs would the finger tips reach in each of them? 

Are the skeletons arranged in order of relative arm ler 

In which skeleton does the arrangement of the big toe bo 
most nearly resemble that of the thumb bones in the hand 

What differences in habits of walking and climbing d 
of bone arrangement suggest? 

In which skeleton does the profile from the top of the |} 
as seen from one side, slant at the lowest or the highest ar 


~ 


In which skeleton is the chin most retreating, most squar 

Compare the angle between the forehead profile and 
the different skeletons. 

Are the skeletons arranged in order of forehead-chi 

In which skeleton does the skull appear to afford the 
est space for the brain in proportion to the total size of t] 

Are the skeletons arranged in order of relative 

Which skeleton probably represents the lea: 
intelligent being? 

What animals and what races of mankind are 
skeletons? 


The essential feature of these questions is that the) 
tention to significant facts which are as a rule overlook 
directed attention, and which are nevertheless easily dise 
conscious attention. And it is to be remarked that not 
significant facts have been discovered by observation sl 
name-labels of the skeletons be referred to. The names 
serve their proper purpose of verbal handles with wh 
up packages of observed facts, instead of serving, as 
happens, the improper purpose of masks which discouragi 
impede the observation of the facts. With such quest 
as aids, a group of anthropoid skeletons or any other sin 
hibit in a museum might be looked at intelligently by per 
or 40 visitors in a thousand; and at least those 30 or 
then carry away an instructive mental impression regardil 
tain number of definite things, instead of only a conf 
vague memory of a vast number of half-seen or less-see1 

A working model of the tides in a museum should 
have a carefully prepared series of question-labels around 


questions might be graded to advantage; some being of a! 
tary nature, adapted to school children; others being 

vanced, adapted to adults. Experiment as to the usefuln 
question-labels could be made by showing them and remoy 


Orve?} 


in alternate months, and comparing the attention g 
model with and without their aid. Some sample ques 
adults are here suggested : 
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"hat is the time interval between the moments of successiv 
\ r B or Cf (Note. This can be best determined 
time of ten or more high-water intervals, and then d 
he number 

What is the change of water level or vertical range 


*h water at A or B or C? (This may be measured 


ff shore, on which inches and fractions are marked 


yeseribe the horizontal movements of the water, 


‘ 


with changes of water level at A or B or | 


by little moored floats or by threads attached 


far does the water 
inches and fractions should be marked along 


is the average velocity of each current? 
what time in the run of each current is its veloc 


Estimate the velocity at that time and compare 
the average velocity. 
Describe the relation of the alternating horizontal 
se and fall of the water surface. (Note. The current that 
the time of high water is called the flood or flood tide; at tl 
rater, the ebb or ebb tide. The brief time when the currents ec 
rder to change direction is called slack water 
What is the relation of rising slack water to ebb and flood? 
Answer the same question for falling slack water. 
‘eee eee ss 
(The progressive advance of successive tide-waves 
the large bey, DE, having been brought out by appropria 
How much later is high water at the head of the bay thar 
What is the average velocity of high-water advance 


Compare this velocity with that of the tide-wave crest as it crosses 


pen ocean. (Note. Several vertical gages, divided into inches and fract 
near the water surface, should be set up in a line across thé in to s 
ts changes of surface level as the tide-wave advances). 
> * * > * * * * 
(Appropriate questions having been asked as to the range of tid 
mouth and head of the pouch bay, J.): Compare the time of hi 
the mouth and the head of the bay. 
Compare the movement of the water in this pouch bay with that 
DE and H. 
aa * > > 7 7 >. > 
(In case a double plunger is constructed to show the luni-solar 
Observe 30 or 40 successive high waters at A or B or C. How mu 
their range vary? 
In how many tidal periods is the variation of range accompli 
Assuming that the stronger tides result from the added action of tw 
periodie tide-producing forces, and that the weaker tides result from their 
pposed action, what is the relative value of the two forces? What is 
period of each force? 


These sample questions suffice to show that a great variety of 
instructive exercises upon the facts shown by the tide model n ay 
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be provided. But they show also, as in the ease of the an: 
skeletons, that the exercises can be properly solved , 
painstaking observer; and that even such an observer 


much time unless he is guided by the question-labels. 
eourse true that few visitors to a public museum will eare ; 
the time, or will have the time to give, that is demanded 
plodding progress along the true plebeian road to such lea) 
as is here afforded ; but those few will be repaid for their pat 
and persistence. 

It was, indeed, with the object of using our working t 
in teaching the tides that it was first constructed in the base: 
below my laboratory by Dr. Bowman, as intimated above: 
practical difficulties of carrying out an informing and disci; 
exercise on the model, in systematic association with th 
of class and laboratory work, proved difficult and discow 
The model could not be exhibited during a lecture, partly bee 
of the small dimensions of its phenomena, still more | 
level water surface could not be seen by an audience: 
students. Only a few students could examine the mode 
same time even in the laboratory; hence in a class of 80 o: 
members, 10 or 15 sections would have had to take th 
and each section would have needed at least half an hour 
an hour—to solve the assigned questions. The labor of arranging 
the times at which so many sections could examine the m 
peared to be greater than the profit they could get from it. 
has always been a regret that such observational work on the 
eould not have been introduced as a regular part of labo 
exercises while the lectures on tides were in progress; for th 
would then have provided a basis of fact, even though on! 
tive fact, on which the theory of the tides could have 
pounded. Perhaps some more energetic teacher may acc 
this desired result. 

But in spite of the difficulties in the way of making pra 
use of the working tide model in teaching, such a working 
may still have a high value as a museum exhibit; and this 
is written chiefly in the hope that it may encourage museu! 
rectors to try the experiment of constructing a tide mod 
running it by clock work, so that it shall always be going 
ready for examination by such visitors as care to exami 
Let it be remembered, however, that a series of question-labe! 
just about as important as the periodic plunger in bringing 
model up to its real value as an instructive scientific exh! 
working model of this kind, in the presence of which the should 
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bserver remains passive, is hardly worth its cost or wort 
nace. Its value will not lie in the work that it does, but in the w 
hat the museum visitor does upon it; and as such work should | 


, thoughtful and systematic and disciplinary kind, its performan 


not to be expected without the aid of question-label guides. | 
my belief that if museums had many exhibits such as groups o! 


nronriat 


t 


— 


snthropoid skeletons or working tide models, each with ap 


syestion-labels, the public would gain more instruction 


than is now the case. 
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T the present time there is a widespread interest in al 
lems which relate to heredity, and the ramifications o! 

problems extend into very diverse fields of social as well 
vidual life. Yet it is only a relatively short time since the ; 
in general became acquainted with the question of heredit 
first impetus in this direction being due perhaps, more t! 
thing else, to the influence of a modern writer, Henrik [bse 
very powerfully, although from a scientific point of view 
rectly, first presented on the stage the tragic conseque! 
heredity of disease. 

In any discussion of this subject, it is essential first 
understanding of the meaning of the terms ‘‘diseas 
‘*heredity.’’ To define heredity, we must go back to the « 
of heredity; and these are the germ cells—the egg in th 
the mother, the spermatozoon in the case of the father. 
these cells contain what is called the germ plasm, which reall; 
stitutes the sum of all hereditary factors. The germ 
having united, or, expressed in a different manner, after fert 


+ 


tion has taken place, develop into the embryo and in the { 
individual, and the character of the germ plasm, w! 
comes from the mother and partly from the father, det 
what kind of an embryo and what kind of an individual shal! 
produced. At an early stage of development the fertil 

cells give origin in the embryo to new germ cells, which 
come the germ cells of the individual—egg in the female, sper! 
tozoon in the male. Thus in successive generations the g 
form one continuous series, the united parent germ ce 

rise to a next generation of germ cells in the offspring; 
cause one generation of germ cells is derived directly 
preceding generation, therefore the germ plasm, of which 
cells are the depository, is transmitted continuously from 
tion to generation. It is this continuity of the germ plasm tl! 
endless generations which is the basis and cause of hered 


al 


+} 


living organisms, plants, animals and man. 
Now we have said that an individual has the same structu! 
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nd functions as the parents, because in so far as the germ p 


same in both; but while this statement taken in a broad 


s the 
way is correct, it needs in reality certain modifications. The char 
acter of the germ plasm is indeed the main factor which deter 
mines the structure and functions of the fully developed organism, 
but the germ cells themselves need for the display of their power 
the constant interaction with environmental factors. These latter 
may be situated within the developing individual, when they re; 
resent an inner environment; or they may be situated in the outer 
world and then they represent an outer environment. The 
vironmental factors include the common conditions upon which 
our life depends, such as light, heat, oxygen and foodstuffs; but 
there are also specific environmental factors which the germ plasm 
needs in order to be able to produce specific structures and specific 
fynetions. Some of these environmental factors ean be varied and 
sometimes even eliminated experimentally without endangering 
the life of the individual as a whole, while others are relatively 
onstant and unchangeable and necessary, if life and development 
ire to proceed. It is well to insist upon this interaction of germ 
plaam and environment in order to understand the significance 
and the limitations of heredity in disease. If the germ plasm is 
normal and if the environmental factors are normal, a healthy 
rganism results. But if the germ plasm, which in reality is made 
up of a multitude of individual units, if this germ plasm or the en 
vironmental factors are abnormal, then disease results. 

We spoke just now of the germ plasm of an organism as being 
composed of a multitude of individual units. Part of these were 
passed on to the offspring from the father, part from the mother 
ind their combination determines how far the individual resem- 
bles the father and how far it resembles the mother. But there 
may be in the offspring characters which have not been visible in 
either of the parents, because in the latter they had been hidden. 
Such factors, hidden in the parents, but appearing in the offspring, 
are called recessive unit factors, and for a recessive factor to be- 
come manifest in the child it is necessary that both parents carry 
t latent in their germ cells and that it thus be present in double 
lose in the child. On the other hand, it is possible for a unit 
factor to become manifest in the offspring, although it has 
been received from only one parent, as this factor tends to 
dominate, as far as manifestation is concerned, over the parallel 
unit factor in the other parent, and such factors are called domi- 
nant unit factors. Thus, for instance, a dark eye-color as a rule 
lominates over the blue eye-color. Sometimes unit factors, and 
m particular some of those which determine certain diseases, are 
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coupled with other unit factors which determine whethe 
spring shall be a male or a female. In this case a diseas, 
appear, for instance, only in the male members of a certain fa 
yet it is transmitted by the females, although in the latter 
manifest, because the unit factor or factors upon which the 
depends is recessive. Such a disease would be due to what is 
the sex-linked recessive type of heredity. 

From what has been said, we may easily reaso1 
far as heredity is concerned there are three possible 
diseases: (1) In the first place, the germ plasm of an 
may be normal and therefore have a satisfactory heredit 
dowment, but certain injurious influences attack him from y 
and cause either directly or indirectly a disturbance in the st) 
ture, composition and functioning of the organism. Sy 
juries might, for instance, be due to the action of excessiv: 
cold, to the absorption of certain poisons or to the entr 
microorganisms. Diseases thus produced are entirely th 
of environmental factors. (2) There is a second class 
which result from an altered constitution of the 
These are necessarily of a hereditary character because 
seen, the germ plasm is transmitted from generation to g 
But as the germ plasm interacts always with certain en 
factors, strictly speaking the latter enter also this « 


] 
"Lass 


eases as a component cause. However, then, environmenta 
are common needs in life processes in general, they 
and fixed and are not susceptible of alteration, and they 


) 


fore, not really causes of such diseases in the sens 


heredity is the cause. (3) In the third class of diseases 


germ plasm is altered in an injurious direction; but i 
the change is of a more delicate nature and it requires 
to become manifest as disease, the cooperation of certau 
mental factors, which are variable; they can be diminishe 
creased or may be entirely eliminated and the disease 
a parellel manner. In certain cases an individual with a: 
or somewhat abnormal germ plasm may be practically 
under a healthy environment, but if a surplus or a det 
environmental factors, which in a person with a health) 
plasm would be without injurious consequences, should 
disease would result. In this third class, then, we hav 
with diseases in which both germ plasm and environment 
but in each disease the alterations of the germ plasm 
acter of the environmental factors, which are respons 
disease, vary. 

It follows thus that in order to define the significance 
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in a given disease, we have to answer three questions: 1) Is the 
disease due to environmental factors, or to changes in the germ 
plasm, or to both these factors? (2) If both factors enter, how 
much is due to each, and what are the environmental factors which 
come into play? (3) If heredity plays a part, wherein does the 
ehange in the germ plasm consist and what is the character of the 
hereditary transmission? Are the disease-producing factors re- 
eessive or dominant? Are they sex-linked or do multiple factors 
underlie the condition? Now, at the present time our knowledge 
is not complete enough to answer all these sets of questions; the 
character of the hereditary transmission and the changes in the 
germ plasm leading to disease in particular are doubtful in many 
eases, owing to the difficulty in analyzing sufficiently the various 
matings in which a weakened germ plasm becomes manifest. As 
far as practical consequences are concerned, the most important 
problem for us is how much of the causation of disease to attribute 
to an altered germ plasm and how much to environmental factors, 
and in particular what are the environmental factors which are 
responsible for the resulting inferiority. In this respect our 
knowledge also is as yet incomplete. 

So far we have stated the principles which apply to the study 
of heredity in disease. We shall next review, very briefly, the 
part heredity plays in disease. A few diseases will be cited as 
examples of the different types of heredity in their relation to en- 
vironment, in order to illustrate our preceding more general re 


| 


marks. But before doing so, it might be well to state distinctly 


that not every case of transmission of disease from parent to child 


Lt 


is of a hereditary character. If, for instance, the parents suffer 
from an infectious disease, like syphilis, and the child shows signs 
of syphilis at the time of birth, this merely means that the same 
microorganism which invaded the parent was transferred from 
the body of the parent to the body of the child, and thus the same 
disease from which the parent suffered was produced in the child. 
The disease in such a case is therefore not due to the transmission 
of a faulty germ plasm—and it is the latter condition alone which 
constitutes hereditary transmission—but it is due to an infection. 

If we observe carefully a large number of individuals, we find 
that some of them admit of a classification into certain types ac- 
cording to their bodily and perhaps even their mental character- 
isties. These types represent what has been called the constitution 
of a person. Thus there has been distinguished an astheniec or 
weak type, a muscular or athletic type and a stout or pyenie type. 
Other types have also been observed. Now, some of these types 
lead to disadvantages in the process of living, but in particular it 


Vol, XVI.—37. 
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has been noted that certain bodily structures or constitut 
dispose of specific diseases. But what is of special interes; 
observation that, in many cases at least, these constituti 
inherited and with them the tendency to certain diseases. 

And not only this tendency is inherited, but it even s 
the duration of life itself depends upon a hereditary fact 
tistical studies in man indicate this conclusion, as well as 
mental studies in certain insects. (Pearson, Pearl.) T 
course, does not mean that the duration of life is definite] 
determined in each individual; it merely means that amor 
various factors which do determine the length of life, her 
one factor, for environmental conditions interact with | 
and largely influence the end result. 

Now, if we pass over to the diseases proper in which | 
comes into play, we may mention in the first place certa 
formations, due to so marked a faulty development of the 
that visible abnormalities in bodily structure result. 
merary fingers and toes, hare-lip, cleft palate, pigmented n 
abnormal generative organs may be cited as examples. It 
terest that such rather crude malformations depend alr 
tirely upon hereditary factors. They are essentially du 
faulty reproduction of normal developmental processes, 
which normally lead, for instance, to the formation of finger 
toes in the young, and both the malformation and the devel 
of the normal structure depend in the main on the charact 
the function of the germ plasm and are largely indepe 
variations which might oceur in the environment. In certair 
however, a malformation may be due to injuries received 
uterus, and in a few instances heredity determines only a pa 
the diseased condition, the full consequences of the change 
germ plasm becoming manifest only under the influence 
ternal conditions acting in later life. 

In a wider sense all hereditary disease or tendencies t 
are due to deviations in the structure or composition of 
veloping organism. In most cases these deviations are of 
more delicate character, not visible to the naked eye ; but ma! 
tions in a strict sense represent, as stated above, rather 
visible deviations from the normal. 

One of the best studied classes from the viewpoint of | 
is diseases of the eye. Various errors of refraction, such as s! 
and far sightedness and astigmatism, represent essentially her 
tary alterations or malformations in the structure of th 
Cataract is one of the common causes of blindness. It maj 


r 


in the young and then it is entirely due to heredity; 01 
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near in old people, and formerly it was thought that 


er case cataract was due to environmental injuries, accumu- 


ting during many years of life; but it has recently been 
t even in the typical cataract of old age, heredity plays an im- 
rtant part and that perhaps external injurious influences make 
the hereditary tendency merely manifest. We see here an example 
apparently similar diseases being due to different causes and 
sin reality representing different diseased conditions, and sim 
1r instances of this kind may be found in various other classes 
liseases. Among other diseases of the eye due to heredity is 
iht-blindness, and this condition has been traced in certain 
families from generation to generation for several centuries. Th 
n some English families which suffer from this disease, all the 
ases can be traced back to a common ancestor in France. who 
A rather frequent disease 

f sight, in which the mode of hereditary transmission has been 

etermined accurately, is the common kind of color-blindness. Here 

he hereditary character to which the disease is due is sex-linked 
nd recessive. It is usually transmitted to the male offspring 
rough the women, who themselves may be free from the disease 
There are many other diseases of the eye, due to heredity, or in 
hich at least heredity plays a part, but there are also other dis- 
ses Of the eye which are due in the main to external factors, as, 
for instance, infections. 

It will be interesting to contrast with malformations and 
eases Of the eye in which, at least in many cases, heredity plays 
the larger part, a class of diseases in which, on the contrary, the 
importance of environmental factors is quite evident. This is true 
f the infectious diseases, such as diphtheria, tetanus, smallpox, 
tuberculosis and many others. While undoubtedly external factors 
ire dominant in these diseases, and no disease of this kind is pos- 
sible without a preceding infection with the specific microorganism, 
yet even here inner hereditary factors play a certain part. Thus, it 
has been observed that certain acute infectious diseases may take 
i very much more severe course when they are first introduced 

mong a new population hitherto not exposed to the disease. When 
the disease has once been established among a certain group of 
people, it seems to take a less virulent course and this probably 
ndieates the influence of certain constitutional factors among that 
population, which possibly are of a hereditary character. 

A good example of the action of hereditary factors in infectious 
useases is found in tuberculosis. It has, for instance, been ob- 
verved that this disease takes a somewhat different course in differ- 
ent families of guinea pigs and that this difference remains con- 
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stant in successive generations. In the human race tl} 


jority of all children become infected with tuberculosis 
time in their life, but usually the disease takes a very light 


Upon this early infection the tuberculosis of adults may 
imposed. Now it has been found that constitutional 
hereditary character in a certain measure determine 
tion of an adult to fall prey to a tuberculous infection, 
over, hereditary conditions in association with vfriat 
mode of infection and in the virulence of the microorganis) 
determine the severity of the infection and the course 
takes. In particular, individuals of an asthenic type, 
narrow chest, are at a great disadvantage if tubercle 
an entrance in their body; yet not only hereditary facto 
weakening environmental conditions may cause a pred 
this disease. 

A very well-investigated disease as far as the relat 
eance of environmental and hereditary factors is « 
found in tumors and in particular in cancer. If we 
marize our knowledge in this respect, we may state 
rieties of cancer are almost exclusively due to here 
eauses. In other kinds a combination of inner here 
and of environmental stimulating factors is respons 
disease; and still others are caused exclusively or a 
sively by external conditions and here heredity play 
no or only a negligible réle. 

There are large classes of other diseases affectin 
organs, as, for instance, the digestive system, heart 
thyroid gland, blood-forming organs and blood-vessels, 
system, in many of which heredity plays a more or less 
part; but the significance of heredity varies great]; 
eases. Even in the same kind of disease a certain 
mainly due to hereditary factors, while in another 
form environmental injury is apparently of greater s 
Thus, in diabetes, as it is seen in young persons, a heredit 
seems to be preponderating, while in the diabetes of o! 
environmental factors play a much greater role tha: 
persons. Certain kinds of goitre are mainly dependent 
constitution of the germ plasm, while in other cases 
stances or infections are responsible. In gout heredit 
great part, and outer injurious conditions call forth 
in predisposed persons. A very striking example of 
seen in hemophilia, the disease of bleeders. Smal! 
cuts, may lead to long-continued bleeding, uncontrolla! 
nary means. This is an inherited disease; usually on! 


>+ 
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thus affected, but the disease is transmitted to the male offspring 


by the women. In this case we have therefore to deal with another 


example of sex-linked, recessive heredity. The disease can be 
lowed through many successive generations, and it has been 
sible to trace families in this country to bleeder families in Eur 
From a social point of view perhaps the greatest importance 
attaches to the heredity of mental diseases. Mental abnormalit 
alter fundamentally the personality and social relations of 
diseased person. A number of mental diseases are essential 
to environmental factors, as, for instance, progressive 
which is caused by the organism of syphilis, the spirochete pallida. 
Syphilitie infection may in addition cause other mental d 
ances, and the infection of the parents may be responsible 
feeblemindedness in the offspring. Certain kinds of epilepsy 
wise may be caused by environmental factors, such as injury. 
However, many kinds of mental deficiencies are to a great extent 
lue to a hereditary abnormality of the germ plasm. Among these 
we might include certain varieties of feeblemindedness and idik 
In a number of cases the history of families affected by such 
ficiencies has been traced back through successive generations 
there were found associated with feeblemindedness in various mem- 
bers of the family alcoholism and a tendency to criminality an 
sexual excesses. While in such cases we have probably to deal 
with a combination of hereditarily transmitted tendencies and a 
very unfavorable mental environment, acting from early life on 
yet the deficient constitution of the germ plasm is the predomina- 
ting factor. Some of the most important mental diseases proper 
are largely due to hereditary changes in the germ plasm. This 
applies to the manic-depressive insanity in which melancholie and 
inhibited states or maniacal and elated states occur, or in which 
both of these alternate; it also applies to dementia precox or 
schizophrenic insanity, which occurs mostly in younger persons 
id which shows very variable symptoms. In paranoia proper 
and in hysteria inherited tendencies likewise play a great part. 
Some of these inherited tendencies to mental diseases seem to be 
associated with definite bodily constitutions which are thus also 
inherited; and moreover certain mental patterns and tempera- 
ments which still fall within the range of the normal or are at the 
borderland between the normal and the diseased, and which are 
the equivalent of corresponding types of inherited mental disease, 
seem likewise in certain instances to be associated with these 
special bodily constitutions. We see in this case, as in others which 
we might have mentioned previously, a continuous transition be- 
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tween the inheritance of disease and of analogous nom 
ters, and both are due to the same underlying causes. 
While thus in many cases of mental disease and def 
is no doubt as to the great significance of heredity, 
not therefore conclude that environmental factors, as, { 
upsetting mental experiences, the effect of poisonous subs: 
play no part whatever in the origin of these inherit 
This latter possibility can not be disregarded at pres: 
impossible to foretell to what extent even hereditary 
deficiencies of the mind might not be prevented or 
we were able to provide a suitable mental environment 
adapted to their needs, to predisposed persons from « 
The rapid survey of diseases in their relation to her 
we have now made, though it is of necessity ver 
suffices to indicate how important is the réle of heredit 
The number of diseases in which heredity has been est 
a cause is already to-day extremely great; yet we s! 
not be much in error if we foresee a still greater extens 
number as the chances for investigation become great 
also seen that there is, in very many instances, an 
tween heredity and environmental factors in the origin 
The relative importance of hereditary and environment 


} 


in those diseases in which both act in association, differs o 
different cases and it is not correct to speak in a ger 
the significance of heredity or environment in inferio 


disease; each case must be analyzed separately to deter 
part played by either of these two sets of factors. 

Having now established the great importance of t! 
constitution of the germ plasm in the causation of 
may inquire whether it is possible to make any state. 
the origin of a diseased germ plasm. At the present tim: 
positively of two conditions which may alter it in such a v 
disease results in the organism, and in addition there is 
possibility of a third condition: (1) The first well 
eause of a diseased germ plasm consists in the appeara: 
tions, sudden changes in the composition of certain 
germ cells, in some cases at least due to a loss of a part 
germ plasm. Such mutations, which are hereditary, 
sible not only for diseases, but also for other sudden char 
the constitution of an individual which still fall within 
of the normal. Mutations not only lay the foundations for 
tain disease in the developing organism, but in some 
cause the death of the fertilized egg before it has had a ec! 
develop fully. These latter mutations depend upon the 
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tion of so-called lethal factors. Mutations and in 
appearance of lethal factors have been most thoroughly 

1 the fruitfly, Drosophila, where the investigations of T. H. 

van and his associates have led to a far-going analysis of the 
stitution of the germ plasm; yet the occurrence of such let] 
tors is not restricted to Drosophila; they have been found 
higher animals. The causes for the appearance of mutat 

known at the present time. (2) The second class of causes 

underlying a diseased germ plasm is of an entirely different char- 
‘ter. While in the case of mutations we are at the prese 

ot aware of any influence due to external or enviro 
tors, the causes now under consideration consist entirel) 


jurious influences exerted by the outside world. 


very extensive experiments of several investigators, among whom 
we may cite especially Stockard, it has been shown that 

pose animals, as, for instance, guinea pigs, for a long 

their life to a very pronounced action of alcohol, the offsprin 
successive generations will show definite inferiorities as to f 
ind bodily vigor, although the members of these later 


¢ 


have themselves not been exposed to the influence of 
some cases even malformations may appear in the offspring, 
cially malformations affecting the brain or the eye. These 
orities may be transmitted by an aleoholized father as well 
an aleoholized mother; and not only the bodily characteri 
thus altered, but the mental capacity has been found 

minished also, as in rats, the grandparents of which h 

holies. (MacDowell and Vicari.) However, it m: 

instances that the action of alcohol, by weeding out 

germ cells, may actually lead to the survival of relativel: 
individuals (Pearl). There is some ground for believing that 
other poisons, particularly lead, may act in a manner similar to 
aleohol. We may even consider the possibility that other unfa- 
vorable environmental factors, bodily or mental, may have a cer- 
tain injurious effect on the germ plasm, provided they act through 
a very long period of time; yet, while we may consider 
possibility, we must be aware of the fact that an actual proof 
such an effect has so far only been given in the case of 
poisons. (3) The third class of causes for the deterioration 
germ plasm is still under investigation at the present time. 

is some indication that not only a general deterioration may 
brought about through the action of toxic substances, but 


mrer? 
inte 


addition, specifie toxic substances or other specifi 


affecting a certain organ may cause such a aan in the 
plasm that in the offspring similar defects in that particular 
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and only in that organ, appear without interfering ot} 
the general condition of the individual which may remair 
Such experiments have been made within recent years }) 
Guyer, who produced experimentally defects in the eye of 
which were apparently transmitted from generation to ge 
Of a similar character are possibly certain disturbances 
bration in rats which have more recently been studied by 
and Detlefsen. If in these cases a hereditary transn 
specific somatic deficiencies should be definitely prover 
nificance of these investigations would be very far-reac} 
only as far as the origin of disease is concerned, but also 
of the inheritance of acquired characters in general. 
There is still another way by which a hereditary deter 


of the germ plasm and an increase in hereditary diseases 


of animals have for a long time past believed and they 
of the opinion that long-continued inbreeding produces wu: 
results, as far as the fertility and vigor of the offsprir 
eerned. The experiments of Shull and East in plants 
the recent experiments of Sewall Wright in the Depart: 
Agriculture, in Washington, have on the whole substant 
view. Likewise in the case of man it has been observed 
communities where much inbreeding occurred, the result 
the whole not been favorable. 

While thus some undesirable results follow inbreedir 
ing as such does apparently not produce a change in t! 
tion of the germ plasm in the sense in which mutat 
actions of certain poisons exert such an effect. Its infl 
pends in the main upon the joining together in the offspr 
the same kind of deficiencies which in the parents had 
mant as recessive characters. It may be expected that, 
marry, they possess in a certain number of cases the san 
latent weakness. Being present in double quantity in the 
this deficiency becomes in the latter potent and visible. It 
that if the germ plasm of both parents is perfect, close 
would not only lead to a deterioration, but should ever 
preserve the good qualities of the ancestors. 

It is thus possible under special conditions to cont 
inbreeding over long periods of time and still to mainta 
and fertility unimpaired. Thus in rats Miss H. D. King has s 
that a deterioration as a result of inbreeding can be avoid 
always mating together individuals especially selected 
vigor and fertility. Crossbreeding between different strains 
races may have a beneficial effect, at least in the first ger 
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¢ the offspring, provided the distance between the two indivi 

‘s not so great that incompatibilities between the germ plasm aris¢ 
We have seen that both hereditary conditions in the 

lasm, as well as injurious environmental factors, cause di 

d that in many cases both sets of factors interact and in 

eifie manner in particular diseases. We may foresee that 


fyture we shall discover additional hereditary factors, wher 
previously only seen environmental injuries and, vice 
we shall learn of associated environmental injuries, where 
ve had only known of fixed hereditary causes. At le 


naa 


‘; what may be expected, if progress should continue to make 
same course it has taken in the past, and if we consider t!] 
vironmental factors are often hidden and become disce 
ugh eareful experimental analysis. Moreover, we have 
inner conditions as well as outer environmental fact: 
nge the hereditary constitution of the germ plasm. So { 
un not yet be sure as to the permanency of the changes which 
have been induced in the germ plasm through the outside. It is 
tt impossible that gradually a recovery may take place from the 
iciencies thus produced, and possibly the future will teach us 


>) 


t the germ plasm may not only be influenced through injuries 


n an unfavorable direction, but also that on the contrary im 
provements may take place through favorable conditions, although 
at present we have not yet any information as to the existence of 
the latter kind of changes. 

Is it possible to make use of the knowledge of heredity as a 
‘ause Of disease, bodily and mental, in the conscious direction of 
human affairs, so that what is best and finest in human life is pre- 
served and aided in its development? We might attempt to accom- 
plish this by selection of those individuals which are endowed with 
the best germ plasm and by the weeding-out of what we consider 
the inferior germ plasm. Such a weeding-out process might be 
lone consciously—and the Spartans attempted something of 
kind many centuries ago—or it might be left to the ravages 
nature, disease and poisons, or of a struggling human society 
through the means of various kinds of warfare. In cases in which 

dividuals possess very pronounced deficiencies, especi: ' 
nntel kind, we are justified in discouraging the production of 


fspring in the interest of the individuals themselves thus affected, 


is well as of their potential offspring and human society in gen- 
eral. 

But if we consider a further going use of this weeding-~ 
process, there are some objections of the most serious nature to 


the application of such principles for social betterment. In the 


uf 
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first place each individual represents a great multi 
herited tendencies, and there is some justification 
that in the large majority of all persons there are { 
which favor the development of one or the other 
certain bodily or mental inferiorities or undesirab] 
And not only the kind of tendencies, but also the 
which these tendencies act, varies in different cases. 
vidual represents a composite picture of the most 
and most parts of these pictures are entirely unk 
far as the individuals are concerned, and individuals 
real units in existence; neither do we exactly forese 
time, in many eases at least, the result which would 
the combination of various factors, for instance of 
from a social point of view may apparently be ind 
other apparently equally indifferent factors. We w 

] 


eet 


at the present time, in very many cases, to se 
characteristics, especially those making for bodily 
detriment of finer, less obvious characters. And ther 
more, some suspicion that each individual or soci 
value most highly those characters with which they 
selves endowed. 

Moreover, our knowledge of the relative importa 
ronmental and hereditary factors is very incomplet: 
range of the normal as well as in the range 
Our everyday assumptions in this respect are 
ing and this applies to the conclusions of 
well as to the views of the writers in 
views are not based on very carefully analyzed 
some cases we are prone to attribute to external fact 
reality is due to heredity, but in other cases we fall 
opposite tendency, to hold inner hereditary factors res} 
what is really the reaction of the organism to certain e! 
conditions, physical or mental. 

Furthermore, these methods would involve a weedi 
means some kind of destruction. There is danger 
would introduce or accentuate in our social and met 
ment exactly those characteristics which are unfavorab! 
and better life. We should therefore proceed with 
caution in recommending an improvement of human so 
process of selection and weeding out of germ plasms. 

Excepting the conditions mentioned above, it seen 
present state of our knowledge preferable to attempt 
ment by spreading through education a knowledge of fact 


¢ 


are well established in the hereditary transmission of 
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liseased conditions and to improve environmental 
such a way that the germ plasm is protected against 
f injurious influences, physical as well as menial, 
even improved through the action of favorable ¢ 
should be possible. Furthermore, through our 
edge of the injurious environmental factors wit] 
tain inherited weaknesses or tendencies are not 
may expect that the various institutions for the stu 
in, which have been founded more recently, 

» Eugenics Laboratory at Cold Spring Harbor, will en] 
information also in this respect—we may more and mor 
the ability to direct the environment in a manner most suit 

production of healthy individuals; and this would 
mental as well as bodily conditions. 

Even if by these means individuals should be preserve 

ruthless struggle of life would be weeded out. we ea 
that the qualities which are thus saved are not wort] 
an the bodily strength and the particular mental charact 
which were lacking in such individuals and which caused 
feriority in the struggle of life as it is constituted at present 
on the other hand. we can be sure that by applying these princi] 
we do not introduce into our life warfare and antagonisms 


fears, which in the end would tend to vitiate the value of the pr 


we seek, the development of human character and personality. 
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ORIGIN AND EVOLUTION OF THE INSECTS 
By Dr. E. P. FELT 


STATE ENTOMOLOGIST, ALBANY, N. Y. 


| E attempting a discussion of the subject it 

to obtain a somewhat clear idea of what is involv: 
are something like 400,000 described species of insects, 
total number existing in the world has been variously estima 
from one to ten millions, the former being the minimum. 
insects occur in all parts of the world and under very dive: 
ditions. They swarm in the tropics, and mosquitoes are s 
dant in the Arctic regions as to make existence at certai) 
almost unbearable. Grasshoppers flourish in the open, 
while our extensive woodlands are the favored haunts of tho 
The waters have been invaded and we find peculiar forms 
lakes and rivers. A number prefer the brackish waters of t! 
marshes, a few occur in the saline waters of the ocean, som 


light in the super-saturated solution of Great Salt Lake 
and one species is found in petroleum pools. Great variat 
size occur among insects. The Hercules beetle of Venezuela 1 
ures some six inches in length. A Venezuelan grasshopp 


a somewhat greater length and a wing expanse of nearly 
inches, while one of the fossil dragon flies has a wing spr 
more than two feet. These giants present a striking contr 
the more minute insects, some of which are only about o1 
dredth of an inch in length and find the requisite sust 

a complete life-cycle within the speck-like egg of the cod 

Insects live upon our highest mountains as well as 
below sea level and it is noteworthy that those occurring 
extremely high mountains are closely related or identical 
Aretie species. We are concerned in the origin and evolut 
this vast assemblage and in order to arrive at a correct so! 
should be considered in its broader aspects. 

If we compare insects with some of the related forms, such : 
the centipedes and the crayfish, it will be found that they 
bilaterally symmetrical and are composed of a linear serie 
rings or segments, bearing paired, jointed appendages and 
in having an external skeleton composed largely of chitin. 
thermore, the internal economy of these divergent forms 3s ve 
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similar, the dorsal blood vessel or so-called heart occup 


upper median position, the digestive system a central positior 


the nervous system a ventral, median position, the last in the 
pler forms at least with distinct swellings or nerve centers for tl 
various segments. The general prevalence of this type throug] 
considerable series of animals indicates a relationship and a 

mon origin, in the judgment of many naturalists. 

Turning to the insects once more, we may note first of 
prevalence throughout this immense group of one million 
forms with the general characters mentioned above and if 
mined individuals more closely, it would be found that they 

, divided by less general characters into immense series, suc 
the bees and related wasps, the beetles, the butterflies and 
the true flies, the true bugs and a number of other less ext 
livisions. If we refer to competent authorities in some of 
groups, it will be found that even in America there are 
10,000 different species credited to the bee family, over 10,000 

tles, nearly 10,000 of the true flies, nearly 7,000 butterflies and 
moths and a very large number of species of true bugs. This means 
that there are immense series of very similar insects, some of which 
an be separated from close allies only with difficulty, and yet in 
most eases the differences are sufficiently marked so that there can 
be no real question as to the specific identity of this large number 
of forms. That is, each one of this enormous number of species 
breeds true and will continue to exist as a specific entity unless it 
succumbs to some combination of adverse conditions. 

It is possible to go a little farther and find among insects r 
tively large groups of species belonging to individual genera 
nearly related genera, the different species approaching each other 
closely in structure and general habit and yet presenting suffi 
differences anatomically or biologically, usually both, so tha 
question exists as to the distinctness of these various forms 
of the most striking cases is found among the large series of 
worms belonging to the genus Agrotis, as originally defined, 
now broken up into several closely related genera. There 
series of nearly three hundred of these species, the adults of 
which approach each other so closely that only very few specialists 
are able to distinguish between the different forms, and yet there 
are marked variations in the larve or cutworms, both as to colora- 
tion and habits. A very similar condition is found in the May 
or June beetles. Some appreciate their general resemblance to 
each other, and yet a recent list includes 97 species belonging to 
one genus and having for the most part very similar habits. The 
striking, active, vari-colored, yet very similar tiger beetles are 
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represented in this country by 75 species and what has 
of the June beetles is largely true of these latter. We 
if one prefers, to moths other than the cutworms mentio 
and find large series of very similar forms. In some eases. 
these variations are evidently of advantage, since they 
the chief feeding period of different species through the 
and thus permit a given amount of vegetation to maintai; 
excessive injury a larger number of insects. 

Somewhat the same condition, though on a less extens 
is found among mosquitoes, which up to within comparat 
cent times were supposed to represent a nearly homogene 
Careful studies have shown, however, that this is far fron 
There are large series of mosquitoes presenting marked dif 
in structure and in habits, and in certain cases mosquit 
are separable from each other with great difficulty 
eondition are easily differentiated in the larval or wrigg 
by both structure and habits. A survey of an entire 
as the mosquitoes mentioned above, the much larger and 
colored flower flies or the very minute and almost unk 
midges, show wonderful variations in structure and | 


insects possessing much in common and undoubtedly clos: 


to each other, and in certain instances at least these 
may reappear in a number of distinct lines within the same { 
Take the gall midges, for example; there are variations 

ber of antennal segments from six to forty-one, in the 1 
palpal segments from four to one, in the number of 
ments from five to two, and in the number of wing veins fror 
to none. It does not surprise one familiar with insect 
such variations should occur. There is food for thought, | 
in the knowledge that these deviations from the more pri 
or simple to the more specialized and complex should arise 
pendently in a series of related groups easily separated fron 
other by general and relatively immutable characters. These 
fications either have some relation to each other or have res 
from some other cause, possibly creative acts. Acceptance 
latter explanation viewed from the standpoint of the entomo! 
conversant with the immense series of insects and their nun 
variations in structure and habit from a comparatively fev 
ard types, involves the acceptance as the true explanation of 
thing like a million special creations for insects alone, or t! 
opment of many of the minor variations from a smaller | 
of special creations. A belief in the progressive change fror 
simpler to the complex, extending over millions of years and 
prehending in its ultimate application the immense \ 
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at the present 


nly the logical development of the former. 


_ 


The precise formulation of our belief in regard to the origin 


i development of the animal and vegetable kingdoms is in on 


y a matter of minor importance, since no belief seriously 
rene conditions, though it may modify our attitude toward life 
general. It must be admitted that these conditions have s 
nee and inquiry would show that most naturalists find a 
ehly logical explanation in an evolutionary theory which ace 
- these multitudinous forms as deviations from common 
ese variations being traceable in class, ordinal, family, 
specifie characters. Certain changes are going on at 
resent time, though at such a slow rate and by such impercept 
legrees as to be unrecordable, excepting in some of the plants an 
nimals, the cultivated and domestic, which have responded to 
rtificial environments to such an extent as to vary greatly from 
original or wild type. Such variations can not be denied. It 
s well known that differences occur among wild species and 
few instances it has been possible to recognize individuals in the 
same Way as we distinguish between individuals of our own race. 
Variations within specific lines occur among insects as well as 
n other forms of life. One of the most striking and well estab- 
lished is the well-known alternation of generations in gall wasps, 
livergence so marked that alternate generations up to with 
few years were recorded as belonging to different genera. Some 
what the same conditions are found among certain plant lice, except 
that it is more usually an alternation in series of generations rather 
than individual generations. Many species of plant lice have 


heir r 


lue to environmental influences. The well-known chinch bug has 
, short-winged as well as a long-winged form, both being associated 
at times. Some butterflies present well-known seasonal variations, 
the colors of the two generations being markedly different. Ther 
ire frequently well-marked variations between the sexes in insects, 
these sometimes being very pronounced, and in certain variable 
groups there are more or less incidental structural variations in 
» right and left antenna and possibly in other organs. These 
re brought to attention simply to emphasize the fact that varia- 
tions do oceur among insects belonging to the same species and 
easionally at least in individuals. It is probable that no two 
insects are exactly alike in the same way as among the larger 


e 


animals, 
There is no denying the host of relationships and resemblances 
to be found in the present-day insect world. The naturalist has 
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long since learned to accept resemblances with a or 
caution, because investigations have repeatedly shown 
tures apparently identical and modified in a similar 
in reality very different. Because of this the inves: 
proaches his problem from more than one aspect if p 

is, therefore, suggested that with the above in mind we ; 
evidence presented in nature’s records, the fossils of ea 
There has been found, for example, in the lower Silurian 
a single wing doubtfully referred to the genus Protoc 
sible prototype of Cimex, an insect which laymen 
bated breath as the bedbug. Can it be that this insect 
ciate of Pithecanthropus? Next comes a wing of | 
from the middle Silurian of France and a possible f 
the cockroaches of to-day. This latter suggests a 
approach toward subhuman association. 

If our geologists are right, these forms were fow 
face of the globe millions of years ago. There are sor 
who question their belonging to insects. If this be er 
really not necessary), there has been found in the s 
recent Devonian strata the print of an ancient May 
the remains of another insect suggestive of the cockroa 
approach to subhuman association, so that the postpor 
acknowledging the presence of insect life upon the 
earth is, relatively speaking, a matter of minor import 
comes the carboniferous or coal strata with its host of 
some plainly closely related to our modern cockroaches 
no denying the insect character of these carboniferous fo 


> 


recent strata show the continuance of these and related 
finally in the upper deposits there are undoubted r 
of our modern insects. The progression from the oldes 
bearing strata to the most recent shows a gradual thoug! 
sarily continuous development from what we regard as t 
and more generalized to the more complicated a) 
insects of the present day. In other words, the hist 
life as traced in the rocks corroborates and strengthens 
clusions in regard to the development of the various for! 
by a study of the species living at the present time. 
Turning once more to a consideration of insects and t 
we would reiterate the fact that there is a very large group 
possessing a number of common characteristics, the Arthro 
the forms with segmented legs and for that matter in large 
at least with segmented bodies. This is true of the 
spiders and their allies as well as the centipedes a! 
each representing an important and distinct group of 
mately equal rank with the insects, though the last nan 
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By ROBERT CUSHMAN MURPHY) 


cool Humbol 


eoastline 


than tropical character 
les to the southward of the 
o the northward of the horse lat 
fore by equable eoastTwise W nds, and s 
vear’s end to another. The continent is 


harbors suitable for the establishment of 


havs. or protected oadsteads of Indeper 


Callao, Ancon, Hluarmey, Samanco, Fer 
because of certain unusual hydrographic 
is extraordinarily abundant. But in spite 
cumstances, there is not a single organized 


the twelve hundred miles of Peruvian shore lin¢ 


PRIMITIVE CONDITION OF THE F's 
Few littoral waters of the globe teem with fis! 
edible products as do those of Peru. and vet in no ot 
country are fisheries more restricted to method 
illegal and disastrous exception ~ 1. €., dynamiting 
Indians have followed from immemorial tin 
Peruvians are highly appreciative of fish food, b 
of an exceptionally productive ocean at their 
their stoeckfish from eountries within the nort 
The waterfront fish-stalls of Callao are. indeed 
a considerable quantity and variety of fresl 
through the great public markets of Lima 
price of all but a few kinds is so high as to be 
majority of the inhabitants. Two species 


anchoveta, may be classed as staples; for the rest 


The only modern ace vunt in English of Ps ru 
ng, which has been freely consulted in the prepa! 
Coker, R. E.: ‘‘The Fisheries and the Guano Indu 
Bu Fisheries for 1908, Vol. 28, mn. 33 365. 1 


ata 
Ts) late 
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n Peru is consumed in 
an fishermen themselves, or in those ot 
neighbors. In short, the coastal aborigines 


s of their ancestors, subsist upon a wide variet) 


‘+h comprise nearly all available kinds of fishes, as 


luses and other invertebrates; the industrial landsmer 
seaboard towns utilize first the bonito and the anchoveta 
these a limited number of dried or salted sea foods; 
vell-to-do Peruvians confine their salt-water diet ¢] 


selection of the most toothsome fishes. such as th 


is and pejerreves silversides). The or ly she 


T! 


mlvy elassed with such expensive delicacies is 
present unsatisfactory condition of the Per 

stries, the fastidiousness of an important part 
the unequal utilization of sea food among the 
nety, the relatively high eost of such food i 
extreme scarcity elsewhere, are all eas ly expli 
‘ef, to (1) certain underlying social and 
d with the former unstable economic cor 
~) to the primitive methods emploved 
roducets plants of an\ deseript on: 4 
sportation in a land of few railroads: 

“ost of manufactured ice: and 


' the salt supply. 
NATIV! 


‘avian fisheries as 
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what decadent native system slight] 
methods. The vast majority of the 
Indians, whose equipment is doubtless 
that of the days before Pizarro. Such mo 


have been introduced mainly by maritime s 


who now more or less predominate in 


the important centers of Anecon, 


narv chalupa or fishing boat of centra 
t t } double ended. sea 


ranean type of era ‘ 
beam, with no centerboard and a clumsy s: 


hoard. which would be 


rev pon oft eonstant coastwise 


Peru. The chalupas are used 


fisheries, as well as for dredging 
shortcomings, thev are so well fitte 


| re that they serve as reasonal ly ( 


so) t 


men during vovages which 


far from land. 
Other more ancient types of craft 


the canoa and the caba 


are the balsa. 
more than a raft made of the extraordina) 
wood of the same name. Sometimes balsas 


transport whole families, with their possessions 
ie ~ 


with sails: but the fishing balsas which o1 


carrying heaps of fish to the stewards of s 
seaports of Peru are usually small and wi 
] 


jank-* 


pelled by means of one or two broad | 
into the wate! 


men thrust straight down 
levers against the ends of the logs. 


The canoas, made of Eeuadorian hard 


called the guachapeli is the favorite, are 


some+rimes they are rorty reet 


d, 


cunwales. 
are seaworthy when well manned, ar 
timber from which the best of them 
life of a hundred vears 


hev have a 
The caballite or ‘*pony,’’ so-calle 
astride It, IS a very remarkable nativ 


reeds lashed togetner. It is a wondert 


riding breakers like a Hawaiian surfboard 
time a thoroughly practical fishing boat wh: 
A large eaballito m i\ 


’ 


perienced native. 


feet, but it is so light, unless water-logge 


earry it on his shoulders. 


In the wav of fishing tackle, 
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Peru. (P 


\luse u 


sting nets, hand lines, trawls, dredges, and 
is are common to most parts of the world, 
an fishermen. The seines are of various 
shes, each sort taking its vernacular name from 1 
s particularly designed: thus ‘‘pejerreyer 
‘eves or other small fish: *“‘bonitera.’’ of the 
bonito; ‘‘eazonera,”’ a net for cazones or larg 
g net or atarraya is employed chiefly the 
hes, and is identical with those which | have see? 
st Indian and Brazilian fishermen. 
DesTRUCTIVE METHODS 
The Peruvian fishermen, not content with the simp! 
e equipment of their native fishery, have unfortunat 
a new and fearfully destructive means of obtaining 
es with less labor, namely, dynamite, the chinchorro 
American net,”’ as it is called with grim humor 
this explosive, which is widespread at least 
hern Peru, bodes ill for the future of the Re public 
‘es, for the havoe that it wreaks among schools o 


ally of young fry which are not worth picking 


‘ventually TO cause a profound depletion ot 


ties of dynamite are naturally imported into 
nes. By one means or another much of 


U1 fishermen, who detonate if under water 
ther food fish or bait. It is used 
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for instance, when anchovetas are destroyed 
corvinas or other large fishes to the surfac 
charge can be set off. In all phases of the dyna 
struction of life is generally greater than cou 
if a rood proportion of the fish were not 
their failure to rise or to remain afloat long 
into a boat. 


POPULARITY OF SEA F00 


As indicated above, the fisherfolk of Per 
the marine invertebrates which oecur 1 
the coast. Not only are scallops, oysters, mussels 
lobsters prized, but, moreover, squids and oc 
asecidians, sea-urchins, chitons and the ‘‘sar 
the sandy beaches are all utilized in on 
molluses of Peru apparently furnished 
food supply of the ancient Indians, as they 
for in graves among old burial grounds at 
Bay I found the shells of many species wh 
fish markets of Callao. 
Some of the molluses which are valued 
the rocks, in the sand of the beaches, or on mud fi 
the falling tide, but scallops, oysters and 
often obtained by dredging in relatively deep wat 
which formerly promised to support a valuable fis! 
Peru, and which may once again assume import 
OV ster Pteria peruviana Reeve the Same spe 
basis of a pearl fishery jn the Gulf of Californ 
OPPORTUNITY FOR Fish Propuct Pia 
l‘pon visiting so rich a seacoast, any one wit! 
fisheries can not fail to be impressed by the unr: 


nities for the development of desiccating, cann 


plants in Peru. Aside from many available fish 


of molluses as the giant mussel, which might be p: 
tribution in the same manner that clams are cann 
coast of Florida, the bays of Peru abound in an 
of large edible crabs, some of which are similar 
upon which the Japanese have based their extens 
in erab-meat. Lobsters (Palinurus), related to 
Chileans pack in tins at Juan Fernandez, are likew 
parts of the coast. So far as I have learned, no 
kind is canned in Peru, the only familiar native 


DICK 


being dried or salted fish of many sorts, 


preserved fish eggs and sea weed. 
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VARIETY OF Fisu Liri 
though the entire Peruvian coast lies well 
» fish fauna is In general of subtropica 


equatorial character. The reason is, 0 
the conditions of oceanic circulation produced by 
ont. Peruvian fishes are, in a zoogeographie sense 
Mediterranean fishes rather than with those of 
ist of America. In both Peru and the Mediterrane 
an admixture of tropical species with others 
tinetly temperate or even northern, such as 
Trachurus ). The closest faunal affinities ot 
with those of the Californian littoral, wh 
» tropics in the northern hemisphere. Many spec 
both of these widely separated areas. 
lf we group the Peruvian fishes according 
ental affinities, rather than their zoological relat 
egregations of species adapted to all types of habitat 
ng the coast. Thus there are (1) many kinds of roekpool 


-' humerous species specialized for life on rocky 


greater depth, and (3 others. like the flounders and 


*, which are particularly characteristic of sandy 


e 


llow water; (4) schooling. plankton-feeding for 


errings and anchovetas, are impressively abundant 


pursued by a great variety of (5) larger pred: 
ng which are the mackerels, barracudas and the fi 


pes of sharks. Only anadromous fishes, like the 
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salmon of North America, are unrepresent 
semblage. 
IMPORTANT FISHES OF THI 
consideration of a few of the 
group by group, may prove of 
Sharklike Fishes. These inelude 
dogtish, sharks, angel-fish, skates, rays and 
in representatives of these families a 
» coast, but it is in the north, nea 
Current mingles with warmer equat 
sharks, guitarras and rays are found in 
Lobos ade Tierra and Lobos de Afuera Islan ais 
s carried on by the northern maritime Ind 
the sharks, including hammerheads and oth: 
rht feet in length, being prepared as dh) 
‘ar as I learned, the valuable liver oil yield 
fishes is seldom utilized. Neither are the | 
as has been recently demonstrated in the | 
be converted into superior leather. 
2. Herrings. Of the three Peruvian sp: 
best known are the sardina (Sardinella sag 
Potamalosa notacanthoides ’ Both of these nig 
schools which sometimes fill the bays, supplying suste1 
fishes of more value to man, as well as to certain s¢ 
the sea lions. On the calm morning of November 14, 1 
Pisco Bay when the shining surface, ruffled only 
puff of wind, enabled me to obtain a elear view of 
of herrings as I had never previously beheld. At 
thirty distinet schools of sardinas within a qua 
launch. 
It seems probable that a Peruvian sard 
the manner of the menhaden fishery, would pro 
relative oil vield of the sardinas, as compared 
not been determined, but it is altogether likel\ 
able products, including ‘‘kippered herring 
and an ingredient of cattle and poultry food eo 
them. For the use last suggested, the dried 
combined with cotton-seed waste. of which 
itilized surplus in the country. 
4. Anchovies. This family is domi: 


Engraulis ringens). a fish not exceeding six 


most abundant and important fish of the ¢ 


the mainstay of the bird guano industry 


rank. Like the sardina. the anchoveta subsist 
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lant life, such as diatoms and othe 
pelagic erustaceans. The fishes travel 
the immature examples being sometimes 
the massed adults. They are followed 
sea lions and birds of very many spec 
anchovetas, at least when conditions 


} 


ire favorable, are likely » he found at 


Peruvian coast-Lline. 
During the afternoon of February 2, 1920, 
mer off Huarmey, | estimated that a hundre: 
ovetas were within sight. At times, when the 


} 


em from beneath, large areas of the surface 
the leaping of the little fishes that the ocean 
eluge of rain were descending upon it. The most 
f all was the manner in which whole herds of 
frolicking among the anchovetas, 
t of their capacity. 
On other oceasions I have had the 


schools of anchovetas in a launch 


pearance from above is amazing. for the qu 


es seem To be p icked together like sard hes 


heads point all in one direction as the 


vy seems more like an individual organism 
1) 
ii 


ions, streams through the 


vauntlet 
Ss enemies. 
he abundanee of the a1 


+ 


has been conservatively est 
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these fishes pe? day are devoured 
colonies of hundreds of thousands, and even ot 
of the Peruvian islands 

The anchovetas have from early times bee 
in Peru by mixing them with salt earth. Sacks of this 
find their way far into the interior. The anchoveta 
tinned product of excellent quality, but sine 
prineipal food of the valuable guano birds, the quest 
a concession for an organized fishery would need t! 
prejudiced investigation. It is probable, howeve! 
veta occurs in great excess of the needs of the b 
entire width of the Humboldt Current; in any cas 
limited modern purse-net fishery would be less disast 
species than the present practice of dyvnamiting 

4. Flying Fishes. These fishes. which are 
warmer pelagic waters, well off shore, come into 
Current along with dolphins and other tropical spe 
southern spring and summer (November to February 


The flying fish are not in themselves important 


Peru. but their egg-masses are dried to form a prod 


CauN-caNn., 
5. NSilversides (Atherinide). Of this widely dist 


ilv, the small marine pejerrey (Basilichthys affinis). v 





FISHERIES RESOURCES 





inchoveta, occurs reat 
eating of all Peruvian fishes. 
6. Mullets. The lisa (Mugil cephalus 
lant fish. Mullets of this and related species 
great numbers upon the mud 
and Paracas Bays. 
7. Mackerels. The representat 
rv important fishes, the caba//a or common mac 
Scomber japonicus ), and the bonito Sarda 
latter, beeause of its abundance and cheapness, const 
nost item of marine food among the poorer peo) 
astal region. The caballa also supports a 
being taken chiefly on hand lines. (Juant ties 
Lobos Islands and elsewhere. The caballa is a 
ind its relatively low repute in Peru IS doubtless r 
lat broiling is an almost unknown or unpractice: 
ng fish. Prepared in any other way. the flesh 
v to vie with that ot species more favored bv Pe) 
A local fishery for the peje-espada, or swordfis 


elative of the mackerels, Is condueted from the Port 


~ 


Carangids. A well represented family of w! 


ad (Trach 


tomenus crassus). the jure! or se 
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famed pampano (Trachinotus paloma) are 
Peruvian members. 


9. Sea Basses. A family of many species, 0 


ber. such as the cherlo (Acanthistius), the ojo de 


jianus). the eabrilla (Paralabrazx). and the several spe 


known as cabinsas are familiar even though not h 


food fishes. 


10. Croakers and Drums. Another well repre 


with two or more species related to our North Amer 
or weakfish, together with two of the finest fishe 


corvina (Scie@na giberti) and the robalo (Nci@na 


of the latter attain large size, sometimes weighing for ; 


both fetch a high price in the markets. These fishes 


gate at the outlets of the Peruvian rivers in times of 


purpose of feeding upon small crustaceans which 
from the fresh water into the sea. 
11. Flounders. Flounders and their relatives ai 


of rood quality. 


12. Blennies. The several kinds are plentiful, occ 


where about the islands and along rocky shores. Per 


of their abundance and grotesque appearance, and 


they are often a nuisance to fishermen, the blennies 


ha 


the 





told me 
st upefact Ion. 
iCnheo called 

1 


similar 
( ush Oe s 


int and highly prized food fish 


ts of the COUNT | he (rie s some 


r 'native cod 
The prineipal cong: 
the fishes are tak« 
<tends To 
North Ch 
on dark nig 
the moonl 
were made a 
ng the famous « 
iown the back, 
iter for twenty 
sed out. Finally 


the white flesh hi 
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fisheries operations in Peru has occurred to many 


indeed, been tried, although thus far without succe 
a century ago Joseph Skinner wrote: 

‘*The fishery is a branch of industry exclusively 
the Indians situated on the coast; but they are dest 
and, being at the same time unprovided with proper | 
nstruments, keep constantly within sight of the coast 
but a very small distance to sea. Hence arise the sea 
ness of fish, so often experienced at Lima, and in all th: 
the coast. A few vears ago several boats of a part 
tion were built for the purpose of fishing througho 
extent of these seas; but this scheme was shortly afterw 
doned. 

Not many vears ago, a trawling venture was und 
Scotch steamer *‘ Aleatraz,’” which subsequently passe 
hands of the National Guano Administration, being 
modern equipment for some months. The bottom p1 
most places, and hence not satisfactory for this typ« 
fish were, nevertheless, taken in abundance. The probler 


‘lent market, however, ultimately led to failure, for, w! 


‘The Present State of Peru,.’’ London, 1805. p. 8 
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INVERTEBRATE ANIMALS AN] 
CIVILIZATION 


By Professor GEORGE T. HARGIT] 


DEPARTMEN OF ZOOLOGY, SYRACUSI 


mr =  } 
| is Dp obable i hall nis or 
from there migrated to different 


rating taunas, 


ri, 


about ‘‘like the 

tollowing the | 

acting generally o1 
and furthe that * migrations 


development of all cultural appliances bevond 


oO 


a broken branch or a sapling 
] 


implements. ’”’ Thus man assumed 


ecertal structural features long before 


moral and intellectual faculties which we 


Probably he was more or less social from the 


From the common center of origin early 
parts of the earth’s surface, and has given rise 
and tribes we now know, as well as to others wl 
‘t. The facets also seem to foree the co 


al brute-like and instinctive life a 


vities and 


the variety of customs, act 

different races, including our complexly 
highly developed intelleetual soe 

ions and the changes in habits as 

fluenced by or conditioned upon the many physie 
environment, such as climate, geographical locat 

phvsiographie conditions Likewise, the biolog 

nt have influenced « determ 


the Importal ce 
Too 1. cloth hy 


mamunals, for 


lower animals have also contribute: 


vilization of man, and to a mueh 


suppose At the present time the 


: 
nsecits md we MUST 
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setivity to grow our food, protect our forests. our animals and 


rselves from their attacks. 
The following account will outline some of the relations of 


vu 


the invertebrate animals to man and the ways in which they may 
have assisted in the progress of his civilization. No attempt will 
he made to secure an exhaustive discussion, but only to suggest i 
a general way some of the many relations which might be con- 
sidered. 

Lanp Masses 

The land areas of the earth’s surface are due mainly to geo- 
logical activities, the formation of beds of sedimentary rocks and 
their elevation above the water level. But considerable areas are 
due, directly or indirectly, to the lower animals. Of these animals 
the corals are the best known, and the great number of coral is 
lands seattered through the Pacific Ocean have furnished places of 
habitation for many peoples. These tiny animals, living in great 
eolonies and building great masses of lime as their skeleton, can 
not grow above water, but the fragments are broken loose, fill in 
the spaces between the branching corals, and other fragments are 
ground into sand which the waves pile above the water level. 
Later this sand may be consolidated into rock. In this way the 
Bermuda and Bahama Islands have been formed. The southern 
me hundred miles, or more, of Florida is built of limestone formed 
chiefly from coral sand and Yucatan and many islands of the 
West Indies are partly formed in the same way. Growing with 
the corals are great numbers of crustacea, clams and snails, star- 
fish and sea-urchins and tube-forming worms; the calcareous shells 
of all these are ground up and help to form the sand which is con- 
solidated into limestone. 

Clams and snails have lived in great abundance, as they are 
now living, and in past ages have left masses of shells in enor- 
mous beds. These have been fragmented, sometimes ground into 
sand, and later consolidated into such rocks as the shell limestone 
r coquina of St. Augustine, Florida. In all parts of the world 
similar shell limestone is present, often in great abundance. 

The lowest of the animals, the Protozoa whose microscopic body 
is composed of a single cell, contribute their remains to the forma- 
tion of new deposits. Some of the Protozoa are encased in shells 
of lime for protection, and at death these shells drop to the ocean 
floor and form thick masses of soft ooze. Investigators of the sea 
floor have found all over the world masses of ooze which are com- 
posed almost entirely of these shells. This foraminiferan ooze is 
the most widespread of modern caleareous formations, over fifty 
millions of square miles of sea bottom being covered mainly by 


Vol. XVI.—39. 
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the shells of foraminiferan Protozoa. When consolidat 
cumulations form chalk. Beds of chalk extend from Irela 
Europe to the Caucasus Mountains, and from Sweden 
the beds being a thousand feet thick in places. Such 
were formed from foraminiferan ooze in past ages. 

The lower animals have therefore contributed effect 
considerably to the formation of the land upon which 1 
live. 

SOIL 

Soil is composed of disintegrated rock with organic 
intermingled. Invertebrate animals have contributed 
mation of the soil to the same extent that they aided 
duction of the rock. However, it is in the preparation 
for plant growth that the invertebrates play a very larg: 

In his book upon ‘‘ Vegetable Mould and Earthworms’”’ ¢ 
Darwin gives a detailed account of the action of worms 
soil. The earthworms pass earth through their bodies 
it in the gizzard into very fine particles and digesting 
the organic matter which may be present. The earth 
out of the body again and is deposited at the surface of t 
as castings. In this way deep-lying soil is brought to 1 
the earth is reduced to a very fine condition and mixed 
ganic matter. The burrows of the worms permit aerat 
soil, allow drainage and make pathways for the growt 
In many parts of England Darwin estimated that ten ton 
for each acre of land is passed through the bodies of « 
and brought to the surface each year. If this finely 
were spread out in a uniform layer over the land it would 
to a thickness, in some cases, of an inch to an inch and 
ten years. 

Darwin sums up the results of his observations and exp: 
as follows: ‘‘Worms prepare the ground in an excellent 
for the growth of fibrous-rooted plants and for seedlings 
kinds. They periodically expose the mould to the air 
it so that no stones larger than the particles which they ca 
are left in it. They mingle the whole intimately together 
gardener who prepares fine soil for his choicest plants. | 
state it is well fitted to retain moisture and to absorb all 
substances, as well as for the process of nitrification. T! 
of dead animals, the harder parts of insects, the shells of 
molluses, leaves, twigs, ete., are before long all buried beneat! 


accumulated castings of worms, and are thus brought in 
less decayed state within reach of the roots of plants. Wor! 
wise drag an infinite number of dead leaves and other part 
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plants into their burrows, partly for the sake of pluggin; 
up and partly as food. 

“Tt may be doubted whether there are many other animals 
which have played so important a part in the history of the world 
as have these lowly organized creatures.’ 

Others have stated that the work of the earthworms is of 
ereater significance and of more importance to man than perhay 
all of the geological and physiographic factors combined. 

Foop 
Primitive man was a plant-eater, subsisting upon roots, tubers 
especially upon fruits. This has been determined from the 
character of the teeth in the jaws of primitive man. Gregory shows 
that man has passed through three stages in regard to character 
of teeth and food habits: (1) a chiefly frugivorous stage, (: 


a predatory and omnivorous stage, (3) a stage in which food 


softened by cooking. He outlines a possible explanation for the 
change from vegetable to animal food as follows: ‘‘At a time 
when tough-rined tubers and fruits were still the main element 
of the diet the nascent Hominide may have sought out the lairs 
and nesting places of many animals for the purpose of stealing the 
young and thus they may have learned to fight with and kill the 
enraged parents. They had also learned to fight in protecting their 
own nesting places and young.’ To account further for the as- 
sumption of the predatory habit Gregory suggests that primitive 
man may have learned to use a stone to mash tough plants or to 
break bones; later he learned to throw stones, to use sharp stones 
as knives, to swing a piece of wood and so gradually came to the 
use of weapons and implements. After he learned to use weapons 
he beeame primarily a hunter and ceased to depend chiefly upon 
vegetable food. 

These suggestions imply that man secured his animal food by 
hunting the larger forms, especially birds and mammals, and no 
doubt these were the chief dependence when they could be ob- 
tained. But we have evidence that great use was made of inver- 
tebrate animals as well. This may have been only at certain sea- 
sons or by certain tribes, but it was a widespread habit as is shown 
by the great refuse heaps of shells (kitchen-middens) found all 
over the world, in North and South America, Europe, Australia, 
New Zealand, Japan and other regions. In places such refuse 
heaps are fifty to seventy feet wide, twenty feet thick, and extend 

2? Darwin, Charles: ‘‘ Vegetable Mould and Earthworms,’’ D. Appleton 
& Co., 1900, pp. 312, 316. 

$’Gregory, Wm. K.: ‘‘Studies on the Evolution of the Primates,’’ Bull 
Amer. Museum Nat. Hist., Vol. 35, p. 342. 
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for a thousand feet or more; they must have taken centy 
form. Lord Avebury* states that such shell heaps mea 
communities of men lived there subsisting on molluses and 
ing the refuse shells in a heap. The evidence shows 
dwellers were permanent settlers and not merely summer | 
In deseribing such kitchen-middens in Denmark Avebury 1 
the chief molluse shells as the oyster (Ostrea edu 
(Mytilus edulis), cockle (Cardiwm edule) and periwink 
torina littorea) : but whelks (Nassa and Buccin um), clams (V; 
land snails (Heliz) and other shells were present with a few | 
of crabs and bones of fish, ducks, deer and wild boar. [; 
part of the world, along the seacoast, man lived almost 
upon molluses; the remains of other animals are so few as t 
they were occasional and not staple articles of diet. 

The dependence upon shell-fish for food and the fi 
kitchen-middens is not limited to prehistoric man. Darw 
that the inhabitants of Tierra del Fuego lived almost so! 
shell-fish, varying this diet only with a few berries and fw 
occasional putrid carcass of a whale or seal which drifted 
and a few fish captured on lines without hooks. These pe 
stantly changed their place of residence but returned agai 
again to the same localities and kept adding to the shell 
When storms prevented the gathering of shell-fish the people w 


hungry, and they often suffered severely from famine. Dar 
also found that on Chiloe and other islands of southern S$ 
America the Indians lived chiefly upon shell-fish and ; 
though fish were sometimes caught, and rarely they kept 


pigs, sheep and fowls. 

Subsistence wholly on shell-fish is no longer common, but 
use of molluses as a part of the diet is almost universal. | 
civilized races, and savage tribes as well, include a greater or 
number of such forms in their food. In this country pr 
fewer kinds of molluses are eaten than in any other civilize 
try, only the oyster and some of the clams suiting our tastes 
it not be possible that the experimentation of primitive n 
the use of various shell-fish in different parts of the world 
in part for the different tastes of living man? 

The following molluses are used as food to-day in various | 
of the world: Bivalves—mussel (Mytilus), oyster (Ostrea 
lop (Pecten), fresh water clams (Anodonta, Aetherwa 

4Lord Avebury: ‘‘Origin of Civilization and the Primitive Condit 
Man,’’ Longmans, 6 ed., 1900. 

5 Darwin, Charles: ‘‘Journal of the Voyage of the Beagle,’’ 


1905. 
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Pompano (Donaz), surf or hen clam (Mactra, Tresus, Lutraria 


quahog (Venus), great blue clam (Schizothearus), blunt nose clam 


Macoma), Tivela, Tapes, cockle (Cardium), giant clam (Tridac- 
bear’s paw (Hippopus), Panope@a, soft clam (Mya), razor 


na 
elam (Solen, Siliqua), rock-boring clams (Lithodomus, Sazrido- 
mus, Pholas, Pholadidea) ; Univalves or snails—limpet (Patella 
Abalone or ear shell (Haliotis), shield shell (Scutus), top shell 
Trochus), turban (Turbo), sea snails, bleeding tooth (Nerita, 
Neritina, Navicella), Murex, Purpura, hare’s ear (Concholepas 
whelks (Buccinum, Eburna, Ne ptune 1, Nassa ). Vol ita. auger shell] 
Tenebra), moon shell (Natica), periwinkle (Littorina), pond 
snail (Paludima), apple snail (Ampullaria), conch (Strombus 
pelican’s foot (Aporrhais), Triton, sea hare (Aplysia), roman 
snail (Helix) and chitons; among the cephalopods, the devil fish 
Octopus), squid (Loligo) and euttle fish (Sepia 

No other group of invertebrates has formed so staple an article 
of diet from the earliest times as have the molluses. Primitive 
man did make some use of crustacea, since the skeletons of crabs 
have been found in kitchen-middens, but these were clearly not 
much sought for, possibly because of greater difficulty in capture. 
In modern times many crustacea appear on our bill of fare: lob- 
sters (Homarus, Palinurus, Scyllarus), shrimps and prawns (Cran- 
gon, Palemon, Peneus, Pandalus), crayfish (Astacus, Cambarus, 
Panulirus, Iasus), crabs (Cancer, Callinectes, Ovalipes, Carcinus, 
Birgus), mantis shrimp (Squila) and others. 

Insects are used as food mostly by savage tribes, though Arabs 
and Syrians gather locusts, pull off the wings and legs and eat 
the roasted bodies, or they dry the locusts in the sun and preserve 
them for future consumption. The American Indian gathered 
the nymphs of the 17-year cicada as they emerged from the ground, 
roasted them in a hot oven, or pounded them to make a sort of 
batter which was cooked and eaten; the same practice is followed 
by Indian tribes in central New York to-day. The Australian na- 
tives are recorded as eating ants, caterpillars, moths, beetles and 
grubs of all kinds either raw or cooked, and night-flying moths are 
pounded into a paste and cooked. African natives use the large 
fleshy grubs like those of our May beetles, and also other insects, 
pounding the bodies of May flies into paste. Hans Coudenhove® 
has described the food habits of living African natives as follows: 
“The natives catch the winged termites or white ants. devour them 
alive, devour them dead, raw or fried or roasted, or dried in the 
sun, or pounded to a paste. They pack them in bags like beans, 
alive or dead, and sell them on the market.’’ ‘‘Several kinds of 


*Coudenhove, Hans: Atlantic Monthly, October, 1921; March, 1922 
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caterpillars, both smooth and hairy, are collected in basket 
eaten as a relish; locusts and white ants replace in th 
cuisine our oysters and turtles; and some people are part 
fond of a large, strong-smelling tree-bug.’’ ‘‘Up to fiftee 
ago in the so-called Kaffir eating houses on the Rand, native 
boys used to buy, by preference, meat full of grubs. They 
was richer.”’ 

The segmented or annelid worv1s are not commonly us 
by man, but some of the nereids are eagerly sought for by 
of Tonga, Samoa and the Fiji Islands. At the breeding 
these worms swarm to the surface of the sea in countless 
to spawn. The Palolo worm (Palolo viridis) appears on 
in October and on two in November of each year at certair 
of the moon. Saville-Kent* states that the natives assem! 
night before the appearance of the worm, which by them 
garded as one of the daintiest luxuries their territories pri 
When the swarming begins, about dawn, the worms are 
into canoes with hands, nets and other receptacles. In 
which follows the worms are eaten raw or wrapped 
leaves and baked. Quantities are sent inland to other tr 
similar worm with similar habits is eaten by the natives 
New Hebrides. 

Echinoderms, though apparently without attraction 
people, are eaten by some. In France and Italy large 
of the common sea-urchins are used as food, and the native 
West Indies eat the large urchin Tripneustes. The tr 
Béche-de-mer of the Chinese is made from the dried bodies 
sea-cucumbers, Stichopus and Holothuria. These are gat} 
Australia and elsewhere from the coral reefs, boiled in wat 
body cut open and eviscerated and dried in the sun; they 1 
be smoked after drying. When thoroughly dry they are 


and shipped. Saville-Kent records several hundred tons 


trepang as shipped from Queensland, Australia, in a 
ORNAMENTATION 

That some sense of beauty is inherent in man is indic 
the care and ornamentation he gives to his person and his 
Such a sense seems to have been present from the beginning 
expression of this sense in primitive man and in living s 
seems very strange and perverted to civilized people. Bu 
the savage viewpoint our own sense of beauty is just as st! 
and unaccountable. 

Probably in primitive man, and certainly in savages, 


tT Saville-Kent, W.: ‘‘ The Great Barrier Reef of Australia,’’ Londo 
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mentation commonly takes the direction of smearing o 


the body with colored earth or pigments, and tattooing or 
tilating the body. But in addition all sorts of objects a 


r adornment in the form of necklaces and the like. 


The 


f molluses are perhaps among the oldest and most co 


eets used for ornamentation. Either in the natural state, or 
| by grinding into beads and fragments, shells were co 
nto necklaces, armlets, bracelets, anklets, nose, ear an: 


LS. 


Shields, war and hunting implements, drums, « 
ther appliances were decorated with shells. Large an 
mon or striking shells were used as symbols of rank and 


n the tribe. 


No doubt almost all of the common shells hav 
ised in this way, especially if they were attractive in for 


With the progress of civilization comparatively litt 


ye 
Ol 


s occurred in the matter of adornment. We still use ne 


racelets, ear and finger rings. Instead of lip and nose or 
i tattooing, we ornament our clothing, and civilized p: 
wder and paint the exposed portions of their bodies 
nvertebrates used by living civilized people the 
sh the greatest variety. 


motu 


Articles of jewelry, brooc! 
studs and buttons are made from Haliotis, Turbinell 
Turbo, Trochus, Meleagrina. Mother-of-pear] 
Haliotis, Meleagrina and others. 


ratty a 


is obta 
Pearls are obtained fr 
molluses, chiefly from the pearl oyster (Meleagri 
fera), but also from fresh water clams of the family U7) 
from marine clams, as Ostrea, Venus and Tridacna. 
sionally green pearls are found in Halvotis, pink pearls 
black pearls in Pinna. 

] 


snail 


ol 


ne 
ALlU 


Cameos are cut from several of the 
s as the queen conch (Strombus gigas), bull’s moutl 
Cassis rufa), black helmet 


(Cassis cameo), and 
Cassis cornuta). 


the orange 
The pearl buttons we use come mostly fron 
he shells of fresh water clams of the Mississippi valley, some forty 
one species being of commercial value. 

Aside from the molluses only the precious red coral (C 
rubrum) among the invertebrates furnishes us with 1 
jewelry. 


Ornamentation is accomplished by clothing, aside 
adornments added, and other invertebrates have bi 


n of 


in furnishing dyes to man. One of the most famous of the « 
the Tyrian or ‘‘Phoenecian 


lves was 


purple’’ of Mediterranean peoples. 
This was obtained from marine snails of different sorts, chiefly 
Murex and Purpura. Heaps of shells of Murer trunculus are still 
found along the Tyrian coast and Murex brandaris o 
and Italian shores; along 


? 


n the Greek 
with these are different 


species of 
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Purpura. The molluses were pounded in hollow rocks. 
so obtained separated by squeezing, water and soda added 
liquor boiled. Wool dyed with this is stated to have be 
$200 a pound, and only royalty could afford its use. 

The cochineal insect (Coccus cacti) lives upon ecact 
of the prickly pear group in Mexico, but has been introd 
cultivated in South America, Spain and Algiers. The 
the insect were brushed into bags and killed by immersi 
water or by exposure to steam or sun. From these © ried bod 
red dye carmine was obtained, which was es,> « 
staining wool a brilliant red. A similar red 
the lae insect has for centuries been used in Ir 
from the cochineal and lace insects have been 
the synthetic chemical dyes. 

MoNneEY 

While the method of barter was the first means of 
materials or appliances, it is certain that a definite mediu 
change was devised very early in the progress of civilizat 


were used as money by ancient man, and even to-day s 


tribes pay their taxes and acquire merchandise and prop 
shell money. The eastern American Indians obtained their 
pum by making beads from the shells of marine molluses. 


beads were made from the whelks (Busycon carica, B. 


tum, Baccinum undatum) or quahog (Venus mercena) 
more valuable purple beads came from the purple portions 
shell of the quahog. In California and on the west coast 
dians strung the shells of the elephant’s tooth shell (Dent 
and used these strings as money. A string of twenty-fi 
might be worth a canoe or a comely woman. It is said t] 
early days this money was so abundant that ‘‘every Ind 
sessed an average of at least $100 worth of shell mo 
would represent the value of about two women, or two gr 
skins, or twenty-five cinnamon bear skins, or about three 
ponies.’”** In addition to the use of Dentalium Stearns’ st 
that the west coast Indians also made beads or disks from 0 
Haliotis, Fissurella, Saridomus and Pachydesma. 

In the Pacific islands, India and Africa the mone) 
(Cyprea moneta) was the principal shell used as money, 
Cyprea annulus, Littorina, Nerita and Ovula shells were als 
The cowry is probably still used in parts of Africa to a li 
extent, where formerly it was the sole medium of exchang 


8 Rogers, Julia E.: ‘‘The Shell Book,’’ Doubleday, Page & © 


p. 300. 
® Stearns, R. E. C.: ‘‘ Aboriginal Shell Money,’’ Amer. Nat., 1877 
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ysed in the paying of taxes, the purchase of wives (which might 
eost from 25,000 to 100,000 cowries, depending upon age, beauty 
and the like) and all other purposes which money would serve. An 
old story, attributed to Reeve, is that of a house built in India 


and paid for entirely in cowries, sixteen million being required. 


INDUSTRIES 
Mention has already been made of the formation of limestones 
from the remains of invertebrate animals. There are many lime- 
stones which have an organic origin, such as the shells of foramini- 
fers, fragments of coral, of crinoids, of molluse shells of various 
sorts. Most of these are valuable for building stones. The num- 


mulitie limestones which were largely used in the building of the 


pyramids of Egypt are consolidated foraminiferan shells. In Ber- 


muda and elsewhere the coral limestones furnish most of the stones 
for building. Thomson’® refers to the excellence of this coral 
limestone in Bermuda. ‘‘The stone is cut out of the quarry in 
rectangular blocks by means of a peculiarly constructed saw, and 
the blocks, at first soft, harden rapidly, like some of the white 
limestones of the Paris basin, on being exposed to the air.’’ 
Coquina limestone, composed of cemented fragments of molluse 
shells, has also been used for building purposes in Florida. 

The only road metal available in certain regions of the world 
consists of the shells of recent molluses. These are often found in 
enormous beds and are either broken up and applied to the road 
or used as obtained and ground up by the traffic. Without such 
material to draw from it would be impossible in certain parts of 
Florida, for example, to construct hard roads without great expense 
from imported material. In other places the shell and coral lime- 
stone is crushed for the building of roads. 

Chalk is too soft and friable to furnish building stones, but it 
serves a no less valuable purpose as an ingredient of paints, ce- 
ments and putty. Lime may be obtained from chalk and also 
from shells and shell limestone. 

The lae insect (Coccus lacca), which is allied to the cochineal 
and other scale insects, furnishes us with our only source of shellac. 
These insects, which pierce the bark of twigs to secure the sap as 
food, secrete a resinous substance over the entire body as a pro- 
tection. This hardens into scale like plates, and since the insects 
are usually present in great numbers, the twigs and branches of 
the shrubs may be entirely enclosed within this resinous substance. 
The twigs covered with the encrusted insects are gathered and 


10Thomson, C. Wyville: ‘‘The Atlantic’’ (Narrative of the Challenger 
Expedition), Harpers, 1878. 
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this furnishes the ‘‘stick lac’’ of commerce; if the resin is 
into fragments and washed in hot water we have ‘‘seed lac ’ 
the ‘‘shell-lac’’ is obtained by melting the resin, stra 
through canvas and drying in thin layers. We are enti; 
pendent upon this insect for our shellac, which is the pri) 
gredient in sealing wax and other cements; its chief use 

is in the making of fine varnishes and lacquers. 

Dynamite, so necessary in construction work, is eco) 
nitroglycerin mixed with an inert absorbent material. 0 
most satisfactory absorbents for this purpose is infusor 
tomaceous earth. The former consists of the silicious sh 
unicellular animals, while the shells present in diatomac: 
are those of unicellular plants. Other materials besides 
fusorial earth may be used as absorbents of the nitrogly 
this seems to be one of the most satisfactory. 

ARTS AND SCIENCES 

Just as the invertebrates have contributed to various 
they have in some measure aided the arts and sciences. 
used by man to express his thoughts was formerly obta 


from gall nuts, those from oak trees being more abundant 


such galls occur on many plants. The galls were powd 


the extract leached out and mixed with an iron salt. 
became blacker after writing, due to oxidation, and thus 
valuable ink since it entered the fibers of the paper and was 
to remove or erase. The galls are plant growths, but su 

is stimulated by small insects, usually gall wasps. T! 
lay their eggs in the leaves or stems of the plants, and the | 
and growth of the larva stimulates the plant to the growt! 
gall, which serves as a sort of nursery for the developi 
Gall nuts formed the basis for the tattooing colors of some s 

The sepia pigment and the india ink of artists was at 
obtained only from cephalopod molluses, such as the 
octopus and others. The scientific name of the cuttlefish is 4 
These molluses contain an ink gland which secretes a fluid 
for protection by the animals. In China the animals wer 
into vats and the ink collected as it exuded from the dead 
In Mediterranean countries the ink sac was removed, caref 
dried and powdered, the powder dissolved in caustic 
then precipitated with acid. After washing in water and dry 
the powdered sepia was ready to be made up in any form! 

If one were to suggest that our knowledge of the hea’ 
bodies and progress in astronomy or that careful surveys 
measurements of terrestrial distances were dependent upor 
lower animals, he might be considered as not quite normal. Car 
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ful and accurate measurements are essential in suck. work, and 
these demand micrometers of various sorts. The cross hairs in 
mierometers for telescopes, microscopes, theodolites and other sim- 
jar instruments are often composed of strands of spider web, 
which, because more delicate, may serve better than metal wires. 

Hence, in a measure the advance of these sciences may be de- 


pendent upon the spider. 


MEDICINE 

Records are wanting as to what, if any, use the invertebrates 
were to primitive man in medicine. But civilized races in different 
parts of the world have had weird ideas as to the effectiveness of 
invertebrates in a great variety of human ills. Many of these prac- 
tices are doubtless still in use by ignorant people as home remedies, 
but only a few centuries ago they were the standard and approved 
methods of the leading medical men. 

Snails, especially the garden slugs, seem to have been favorites 
for all kinds of treatment, as we may judge from the many records 
of their use. For headache a plaster was made from the bodies of 
these slimy animals; for tuberculosis they were boiled in milk and 
the mixture drunk, or small living slugs without any previous 
treatment were placed on the tongue and swallowed without erush- 

Pliny suggests eating an uneven number of them to cure 
cough and stomach ache. One of the royal physicians of England, 
as reported by Hulme,** recommends for deafness: ‘‘Take a gray 
snail, prick him, and put ye water which comes from him into 
ye ear and stop it with black wool, and it will cure.’’ Slugs have 
been used for corns, pleurisy, malaria, burns, asthma and skin 
diseases. 

Until about fifty years ago the leech was much esteemed as a 
sovereign remedy for everything; it was equally effective for 
apoplexy and for fainting, for fever and for chills; the first thing 
the physician did was to clap leeches on the patient and thus 
bleed him. Records show that seven million leeches were used in 
London hospitals in 1863 and more millions were used in other 
cities and countries. Leech farms were conducted for the pur- 
pose of raising leeches to supply this need, and drug stores kept a 
constant supply on hand. In older days leeches had other values 
and Pliny gives a recipe for a hair dye obtained from them: 
“Leeches left to putrefy for forty days in red wine stain the hair 
black. Others, again, recommend one sextarius of leeches to be 
left to putrefy the same number of days in a leaden vessel, with 
two sextarii of vinegar, the hair to be well rubbed with the mix- 


“ Hulme, F. E., ‘‘ Natural History Lore and Legend,’’ London, 1895 
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ture in the sun. According to Sornatius this preparat 
urally, so penetrating that if females, when they apply 
take the precaution of keeping some oil in the mouth. 
even, will be become blackened thereby.’’** 

Ashton records the ancient use of river crabs as remed 
poisoning. These are used fresh, beaten up and drunk 
or they are burned and the ashes mixed with asses’ milk as 
dote for scorpion poisoning. The ashes in red wine 
rabies. 

Insects had their place in ancient pharmacopeias, 
iams** quotes an old Egyptian formula: ‘‘ Against all k 
witchcraft a great scarabeus beetle; cut off his head a: 
boil him; put him in oil and lay him out; then cook his | 
wings, put them in snake fat, boil and let the patient drink t} 
ture.’’ Dental pains were cured by placing a small caterp 
cavity of the tooth and closing it up with wax. The use 
tharidin continues to the present day as a blistering ag 
this is obtained from the dried bodies of certain beet 
blister beetles. 

The spider was chiefly useful for chills and contagion. H 
records the use of a living spider shut up in a box and 
around to draw from the air the contagion which would o 
infect the person. From a diary of 1651 this entry is qu 
took early in the morning a good dose of elixir, and hung 
spiders about my neck, ague away, Deo gratias.’’ In sout 
England the spider was a favorite remedy for jaundice. 
made from spider web, or a living spider was rolled 
make a pill, which was taken. 

Such records show that the invertebrates were believed t 
great merit as remedies for certain diseases and ailments. 
modern pharmacopeia we have discarded all such, and most 
of ancient animal drugs, but we have retained many of t! 


used by the ancients. 


RELIGION 


The invertebrate animals have not had the same 
man for religious rites as have the vertebrate animals a? 
mate objects. But there are a number of these lower animals v 
have been considered sacred. To the Hindus the chank s 
(Turbinella pyrum) is a very sacred object, and images of the g 
Vishnu carry this shell in one hand. The shell is an 
veneration to the people, who address their petitions to 


+ 


12 Ashton, John: ‘Curious Creatures in Zoology.’’ 
18 Williams, H. 8.: ‘‘ History of Science,’’ Vol. 1, p. 48. 
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beginning of each prayer. Priests make sacred vessels of the shell, 
which may be earved and ornamented for this purpose. 
The scarab beetle (Scarab@us sacer) was one of the many ani- 


the earth. Avebury* refers to one of the beliefs of the Pacific 
islanders as follows: ‘‘The Bishop of Wellington informs us that 


spiders were special objects of reverence to Maoris; and, as the 


priests further told them that the souls of the faithful went to 
heaven in gossamer threads, they were very careful not to break 
any spider’s web.”’ 
MODERN CIVILIZATION AND INSECTS 

We suffer enormous money losses each year in this country from 
the attacks of insects upon our food and other crops, upon live 
stock, forests and in other ways. In other places one may find the 
statistics dealing with these great losses which exceed two billions 
each year. Apart from this actual damage insects may influence 
or actually condition certain of our activities. The spread of the 

tton-boll-worm through the southern states seems destined to 
change entirely the agricultural policy and practice of these regions. 
The growing of cotton as the principal crop is being replaced by a 
diversity and rotation of other crops, with cotton only one of 
the products. In other words since we can not overcome nor suc- 
cessfully meet the attacks of this insect we must change our habits. 

Perhaps the most striking examples of the influence of insects 
on modern civilization relate to the insects as carriers of disease. 
Celli in his book on malaria states that the greater activity and 
ndustry found in northern Italy, as compared with southern Italy, 
is due to the prevalence of malaria in the latter region. And he 
further suggests that the growth of cities and development of agri- 
ulture in parts of Italy has been determined by the prevalence of 
malaria. This determination is therefore due to the presence of the 
mosquito, for the malaria is spread only by this insect. 

It was the mosquito which prevented the French from cutting 
a canal at Panama, and it was only when our own sanitarians con- 
quered the mosquito that we were able to complete the work. In 
all tropical and sub-tropical climates the handicap which the white 
man has had to endure, and the reason for the lack of colonization, 
and therefore for the spread of his civilization to these regions, is 
the prevalence of fevers. And this involves the presence of mos- 
quitoes and biting flies, for in all probability all the tropical fevers 
are spread by insects. Man can live in the tropics safely and health- 
fully if he can subdue the insects which carry disease; the evi- 
dence of this is clear and positive from the record of the United 
States in Cuba, Panama and the Philippines. 
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There is no group of animals, vertebrate or inverte! 
has so much significance to man as the group of ing 


touch almost every activity and interest of civilized lif, 
tack our growing food, our stored food, our orchards 
our clothing and our dwellings. Our bodies and thos 
mestic animals are annoyed or infected with disease ger; 
the activities of insects. They are our chief competit 
struggle for existence, and our fight against them is o 
severe and costly every year. Howard" has stated it as 
doubt whether in the next few centuries man will be a! 
tain himself against this group, or whether he will suce 
leave the earth to the insects as the dominant type of 

When we consider such a possible outlook we have 
not to say startling, impression of the relationships of ma 
lower animals. 

14 Howard, L. O.: ‘*The Contribution of Zoology to Human 
Science, 1918, Vol. 47, p. 352. 
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HE man, or class of men, who controls the supply o 
foods is in possession of the supreme power. The safeguard 
ing of the food supply has therefore been the concern of gover 


ments since they have been in existence. They had to exercise this 


control in order to hold the supreme power, because all the people 


need food, and it is the only commodity of which this is true. 

In connection with this control it would seem that every possible 
expedient and experiment had been tried. One of the most fre- 
quent methods of control used has been the limitation of prices 
by legal enactment. The results have been astonishingly uniform 
considering the variety of conditions and circumstances under 
which the experiments have taken place. They make an interest- 
ing record and one which contains food for thought, for the prob 
lem of the people’s welfare has been much the same in all ages and 
it is not yet solved. 

Eeypt: 2830 B. C. 

As far back as the fifth dynasty in Egypt, which historians 
place at 2830 B. C. at the latest, there was inscribed on the tomb 
of the nomarch Henku: ‘‘I was lord and overseer of southern 
grain in this nome.’’ 

In the Book of Genesis’ there are various references to the fa 
that Egypt was a granary where all the people were sure of findii 
a plenteous store of corn. 


‘No attempt has been made in this paper to cover the histor 

fixing since 1800. Government monopolies, such as the Brazilian valoriza 

f coffee, the tobacco monopoly in France and that of sugar in German 

ell as others which might be mentioned, have been fully reported by others. 
The history of price-fixing in the United States during the war of 1914-18 has 
also been written in the bulletins of the War Industries Board on the histo 

f prices during the war. Litman gives a good account of Great Britai: 
the United States in his ‘‘ Prices and Price Control in Great Britain ar 

United States during the War.’’ 


2 Genesis xii: 1-10; xli: 54; xlii: 2. 
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The well-known story of Joseph shows how the e 
food supply by the government reduced a people 
Joseph gathered and stored for Pharaoh in years of 
one fifth of all the harvests. The improvident Egypt 
well and laid by no stores. When famine came they al 
ple in the nearby countries went to Joseph and bought 
him until all their money was gone; then they gave 
eattle for food; after they had bartered away all their 
offered their land and themselves in exchange for subsis; 
Having thus reduced them to slavery as the price of li{ 
about 1700* B. C. gave them seed and put them on the 
Flavius Josephus* tells the story as follows: 


} 


When famine came, the multitude, sorely oppressed, repai1 


the stores and magazines of the king. The situation of the 
mon sort was piteous beyond description; for having laid in but 


store, and not being able to obtain a supply without ready 

was exhausted, they were reduced to the necessity of exchanging 
slaves, lands, nay, their last little all, to procure grain from the king 
ries to protract a needy miserable life. When, by these m 

totally destitute, they were abandoned to a desolate world, 
might secure their bartered possessions. ... But when 
overflowed, watered the earth, revived drooping nature, and pri 
aspect, Joseph made the tour of the kingdom, and summoning 
landholders, restored to them such parts as they had sold to tl 
dition of their paying a fifth, as tribute to him by virtue of | 
and then enjoined them to the same diligence in their impr 
they were to derive the emoluments resulting from the whok 
at the returning prospect of plenty, and the restitution of their 
erty, the people applied themselves to agriculture with unren 

so that by this well-timed act of policy, Joseph established 

in Egypt, and increased the standing revenue of all its succeedir 


The great Egyptologist, Erman,® corroborates the 
of Josephus by giving an account of the government cor 
grain and descriptions of the granaries which were surp! 
like our elevators—the grain being poured in at the top 
out at the bottom by means of a sliding door. The o 


’ Some scholars place the date at 2082 B.C. and still others 
It was probably in the reign of Aphobis, at the end of the seventeer 
according to Dr. Henry Brugsch, in his history of Egypt under th 
Trans. by Philip Smith (London: John Murray, v. 1, pp. 300-306 

4 Josephus, Flavius: ‘‘ History of the Antiquities of the Jews.’’ 
George Henry Mayard. London: C. Cooke, 1789. Bk. 11, Chap. VI 

5 Erman, Adolf: ‘‘Life in Ancient Egypt.’’ Tr. by H. M. 7 
don and N. Y.: Macmillan & Co., 1894. Pp. 107-108, 433-434. 

Original sources: Lepsius, Richard, ‘‘Denkmiler aus Aegypte! 
Aethiopen,’’ Berlin: 1849-59. Vol. 3, pp. 76,77. Papyrus Abbott, pu 
in the ‘‘Select Papyri in the Hieratie Character from the Collect 
British Museum.’’ London: 1844-60. 
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result of the Egyptian control of the grain crop was a system of 
land tenure by which the land became the property of the monarch, 


and was rented from him by the agricultural class. 


CHINA: 424-387 B. C. 
In his study entitled ‘‘The Economie Principles of Confucius 
and His School,’’ Dr. Chen® tells us that in China it was recog- 


nized from early times that 
_. there are two sets of interests, those of producers and those of consumers. 
But nothing more markedly affects the interests of both sides at once than 
prices. Therefore, price is the great problem for society as a whole. Accord 
ing to the Confucian theory, the government should level prices by the adjust 
ment of demand and supply, in order to guarantee the cost of the producer 
ind satisfy the wants of the consumer. 

Its chief aim is to destroy all monopoly so that the independent or small 
producer can be protected on the one side, and the consumer on the other. It 
prevents the middle-man from making large profits, and gives the seller and 
buyer full gain. It is the task of the superior man to adjust demand and 
supply so as to keep prices on a level. 

The means used by the Chinese government to this end are of 
the greatest interest, because of the economic principles involved 
and also because of their antiquity. 

We are told that, ‘‘according to the official system of Chou 
1 +} 


Lue 


about 1122 B. C.) the superintendent of grain looked around 
fields and determined the amount of grain to be collected or issued, 
in accordance with the condition of the crop; fulfilling the deficit 
of their demand and adjusting their supply.’’ 

When Li K’o became the minister of Wei he said that if tl 
grain were too high, it would hurt the consumers, and that if it wer: 
t would hurt the farmers. If the consumers were hurt the people woul 
grate, and if the farmers were hurt, the state would be poor. The bad 
f a high price and a low price are the same. Therefore, a good stat 
would keep the people from injury and give more encouragement 


farmers. 
After deseribing the bad condition of the farmers he gives the fol- 


lowing law for equalizing the price of grain: 


Those who want to equalize the price of grain must be careful to look 


the crop. There are three grades of good crops: The first, the second and th 
lowest. In an ordinary year one hundred acres of land yield one hundred 
fifty bushels of grain.? In the first grade of good crop the amount is four 
fold—that is, one hundred acres yield six hundred bushels. Throughout one 
year, a family of five persons needs two hundred bushels for their living, so 

*Chen, Huan-Chang: ‘‘The Economie Principles of Confucius and His 
Sehool.”’ N. Y¥.: Longmans, Green and Co., 1911. (In Columbia Univ 
Studies in History, Economics and Publie Law, v. 44 and 45. 

‘It is evident from the context that ‘‘grain’’ as used in these translutions 
means rice, 


Vol. XVI.—40, 
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that they have a surplus of four hundred bushels. T! 

buy three hundred bushels from them, leaving them a surplus 
bushels. In the second grade of good crop, the amount of gr 
that is, one hundred acres yield four hundred fifty bushels. 
then have a surplus of three hundred bushels. The government 
hundred bushels, leaving them one hundred bushels. In 
good crop, the amount is twofold—that is, three hundred bush 
would then have a surplus of one hundred bushels. The g¢ 
buy fifty bushels and leave them the other half. Th: irch 
ment is for the purpose of limiting the supply ac 
demanded by the people, and it should be stopped when 
This policy will prevent the price of grain from falling be 
keep the farmers from injury. 

There are also three grades of famine: the gr 
famine and the small famine. During the small fami 
yield two thirds as much grain as in the ordinary year 
bushels. The government should then sell at the norn 
bought in the lowest grade of good crop. During th 
hundred acres yield one half as much grain as in an ord 
seventy bushels. The government should now sell what 
second grade of good crop. During the great famin 
only one fifth of what it is in an ordinary yea 
government should sell what it has bought 
Therefore, even if famine, flood and drought should oc 
would not be high, and the people would not be oblige: 


would come about because the government takes the sur] 


to fill the insufficiency of bad years. In other words, the gov 


the excess of supply in a good year in order to meet the d 


The policy of Li K’o is for the benefit of both societ 
the agricultural class . . . when his scheme was carried out 


only made the people rich, but also made the state strong 


The principle of adjusting the supply and demand 
found also in the writing of Mencius, who lived 372-289 


Chen quotes him as saying to King Hui of Laing: 

When the grain is so abundant that the dogs and swine 
man, you do not make any collection for storage. When 
dying from famine on the roads, you do not issue the stores of 
for them. When people thus die, and you say, ‘‘It is not owing t 
owing to the year,’’ in what does this differ from stabbing a n 
him, and then saying, ‘‘It was not I; it was the weapon’’? 


The starving millions of China during 1921 might 
wished for so statesmanlike an advocate in the councils 
government as this fearless economist three hundred y 
the Christian era. Dr. Chen proceeds to say: 

The principle of equalizing the price of grain advocated by | 
Mencius was adopted into the system of ‘‘constantly norma 
During the reign of Han Hsuan Ti, when there were good 
years, the price of one bushel of grain was as low as five pen! 
farmers suffered greatly. In 498 (54 B.C.) Keng Shou-ch’ang pro] 
the government should buy grain from places near the capit 
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transporting it from the eastern provinces. According to th 
the Han dynasty, the government transported annually fr 


rovinces four million bushels of grain to supply the eapital, wh 


the province of Shensi in northwestern China. As this transportati 


means of the waterway, the number of laborers amounted to sixty 
By the plan of Ken Shou-ch’ang, which was approved and carried « 
emperor, the government saved more than half the expense of 
and the farmers got more profit. Then Ken Shou-ch’ang prop 
the provinces along the boundary of the empire should establish granari 
When the price of grain was low, they should buy it at the nor 
higher than the market price, in order to profit the farmers 

Dr. Chen points out that the equalization of the price of grain 
is a very beneficial and practical scheme. It benefits the people 
without cost to the state. When the price is too low, though the 
government buys the grain at a price higher than the market rate, 
this does not mean a waste to the government. When the price is 
too high, though the government sells the grain at a price lower 
than the market rate, it does not mean a loss to the government. 
Even if it should be an expense to the government the social benefit 
is much greater than the public expense. On the contrary, as a 
matter of fact, the system has been more than once administered 
so as to make money for the government. 

The few eriticisms which have been made of it are shown by 


Dr. Chen ‘‘. . . to be the results not of the original law itself. 


but of the administration of man. The chief difficulty in admin 
istering it is that it is not easy for officials to undertake commer 


cial funetions along with political duties.’’ 


ATHENS: 404-337 B. C. 

Xenophon tells us that in Athens a knowledge of the grain 
business was considered one of the qualities of a statesman. This 
was probably because Attica needed a considerable importation 
of gram, as the country did not produce a sufficient 
needs. It was brought to market in the Pirwus from all quarters, 
from Pontus, Thrace, Syria, Egypt, Lybia and Sicily. A great 
quantity was imported, but not all for domestic use—some of it 
was to be sold in the Pireus to foreigners. It has been estimated 
by Boeckh that Attica needed annually 3,400,000 medimni‘ of grain, 
about half of which it could produce in a good season. This left, 
as the lowest of needed importations, 1,700,000 medimni or 1,133,- 
333 1/3 bushels. In an unpropitious season, when the domestic 
crop was scanty, this amount of importation was far from suffi 
cient, so that one of the first objects of an Athenian statesman was 
to provide for an adequate supply of imported grain, and the 


amount for its 


*A medimnus was equal to two thirds of a bushel or eight gallons 
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regulations in regard to the grain trade were very importan 
Boeckh,’ in his ‘‘Publie economy of the Athenians,’’ says. 


The exportation of grain was absolutely prohibited. It was requir 
law that two thirds of the grain which came from a foreign country 
Attic emporium should be brought into the city: that is, only a th rd 
grain brought into the emporium in the Pireus could be exported fron 
other lands. The execution of this law was committed to the overs 
emporium. 

In order to prevent as much as possible the accumulation 
the withholding it from sale, forestalling it was confined within very 
bounds. It was not allowed to buy at one time more than fifty back] 
(about 75 bushels). The transgression of this law was punished wit! 
The grain dealers were also not permitted to sell the medimnus of grai: 
higher price than one obulus (three cents) more than they had paid 
These dealers, who were commonly aliens under the protection of 


+h 


enhanced the price, notwithstanding, by overbidding others in 
of grain in time of scarcity, and they often sold it the same day 
they purchased it at an advance of a drachma (17.1 cents) on th 
Lysias can not relate particulars enough respecting the proflig 
extortioners. They were hated full as much as the same elass 
times. . . ‘Were they not menaced with the punishment of de 
‘*they would hardly be endurable.’’ While the agoranomi (market 
had the superintendence of the sale of all other commodities, th 
order to prevent the extortion of the grain dealers, appointed a 
body of officers called the sitophylaces (grain inspectors) to hav: 
sight of this single business. . . . They kept accounts of the grain 
and besides the oversight of grain, they had also the inspection 
bread, that they might be sold according to legal weight and pri 

The oration against the grain dealers delivered by Lysias 
about 387 B. C. is of the greatest interest because of the light 
throws on the speculative practices of the grain dealers in At! 
the great wheat market of the eastern Mediterranean a: 


tempts of a harassed government to control them. « From it 


that, in spite of the rigorous laws which were in force regulati 
traffic in grain, ‘‘corners’’ were not uncommon. He wrot 


For when you happen to be most in want of grain, they grab 
unwilling to sell, and you may be well satisfied to buy from them 
whatever and take your leave of them so that sometimes when 
we are reduced to a state of siege by them. 

We learn also that the ‘‘market masters,’’ who as we ha\ 
before had the superintendence of the sale of all other comm 


also 


were not considered sufficient to handle the grain trade 


9 Boeckh, August: ‘‘The Public Economy of the Athenians.’’ 
Anthony Lamb. Boston: Little, Brown & Co., 1857. Book 1, Chap. 15 

10 Lysias: ‘‘ Against the Grain Dealers.’’ (In Eight Orations « 
Ed. by Morris H. Morgan. Boston: Ginn & Co., 1895. Pp. 89-103 
translation see Botsford, G. W., and E. G. Sihler, ‘‘ Hellenic Civilizat 
N. Y.: Columbia Univ. Press, 1915, pp. 426-430. 





FOOD CONTROL DURING FORTY-SIX CENTURIES 629 


that ‘‘grain inspectors’’ were appointed for this duty alone and 


At 


t required fifteen of them to take care of the trade in the city 


and port of Athens. Being a grain inspector at that time was 


no sineeure, for Lysias says: 

Ofttimes you imposed upon them, citizens though the 
severe penalties, because they were unable to master the scoundrelis 
dealers. What then should the malefactors themselves suffer at 
when you even put to death those who are not able to maintain 
them. 

We learn further that there were ‘‘combinations in restrai 
trade’ at this early date, nearly four centuries before the 
tian era, for Lysias says: 

For if you shall find them guiltless when they themselves admit 
made a combination against the importers, you will seem to plot agains 
skippers who came here. 

We also learn that the results of even the most severe punish- 
ments, unaccompanied by any constructive substitute for the for- 
bidden practices, were highly unsatisfactory, for Lysias says: 

But it is necessary, gentlemen of the jury, to chastise them not only for 
the sake of the past, but also as an example for the future; for as things now 
are they will be hardly endurable. And consider that in consequence of this 
vocation very many already have stood trial for their life; and so great 
are the emoluments which they derive from it that they prefer to risk their 
life every day rather than to cease to draw from you unjust profits. And 
indeed, not even if they entreat you and supplicate, would you justly pity 
them, but much more rather the citizens who perished on account of their 
wickedness, and the importers against whom they made a combination. 

If then you shall condemn them, you shall] act justly and you will 
buy grain cheaper; otherwise dearer. 
Rome: 301-361 A. D. 

Rome, not having had the foresight to prevent it, found herself 
confronted at the close of the third century of the Christian era 
with a condition of high prices which was very menacing. Dio- 
eletian, with characteristic vigor, proceeded to correct this condi- 
tion by laws and issued his famous Edict in 301 A. D. Abbott?? 
tells us: 

In his effort to bring prices down to what he considered a normal level, 
Diocletian did not content himself with such half measures as we are try- 
ing in our attempts to suppress combinations in restraint of trade, but he 
boldly fixed the maximum prices at which beef, grain, eggs, clothing and 
other articles should be sold, and prescribed the penalty of death for any one 
who disposed of his wares at a higher figure. 


1 The population of the whole of Attica at this time was about 500,000, 
of which Athens comprised about 180,000. 

12 Abbott, Frank Frost: ‘‘The Common People of Ancient Rome.’’ New 
York: Seribner, 1911. Pp. 150-151. 
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Prices are specified for between seven and eight hundred dis 
ent items—practically all the articles which his subjects 
have oceasion to buy. Wages also are fixed—teachers. ad, 
bricklayers, tailors, weavers, physicians—all are included 
carpenter and joiner are paid by the day, the teacher by tl 
the knife grinder, the tailor, the barber by the piece and th 
smith according to the amount of metal which he uses.”’ 
calls attention to the fact that the prices given in the 
not normal but maximum. As the prevailing prices were 
however, it is not probable that the maximum prices differ, 
greatly from them. The net result was failure, and the lay 
be repealed because of its impotence in correcting the « 


of affairs. Lactantius’’ in 314 A. D. writes as follows of D 


tian and his Edict: 

After that the many oppressions which he put in practice had 
general dearth upon the empire, then he set himself to regulate tl 
all vendible things. There was also much blood shed upon very 
trifling accounts; and the people brought provisions no more to n 
they could not get a reasonable price for them; and this increas 
so much that at last after many had died by it, the law itself was 

The historian Gibbon™ tells us that sixty years afte: 
tian’s effort to control the cost of living by fixing prices, 
peror Julian made a similar attempt, with no greater succe 
writes : 

The inclemency of the season had affected the harvests of Syria 
price of bread in the markets of Antioch had naturally risen in pro) 
the scarcity of corn. But the fair and reasonable proportion was s 
lated by the rapacious arts of monopoly. In this unequal contest, 
the produce of the land is claimed by one party as his exclusive 
is used by another as a lucrative object of trade; and is required by a thir 
for the daily and necessary support of life; all the profits of the inter 
agents are accumulated on the head of the defenseless consumers 
the luxurious citizens of Antioch complained of the high price of | 
fish, Julian publicly declared that a frugal city ought to be satist 
regular supply of wine, oil and bread; but he acknowledged that 
duty of a sovereign to provide for the subsistence of his people. Wit 
salutary view, the emperor ventured on a very dangerous and dou! 
of fixing by legal authority the value of corn. He enacted that 
scarcity it should be sold at a price which had seldom been known i: 
plentiful years; and that his own example might strengthen his laws 
into the market four hundred and twenty-two modii, or measures, w! 
drawn by his order from the granaries of Hierapolis, of Chalcis 


13 Lactantius, L. C. F.: ‘‘A Relation of the Death of the Primit 
secutors.’’ Written originally in Latin. Englished by Gilbert Bur 
Amsterdam: 1687. Pp. 67-68. 

14 Gibbon, Edward: ‘‘The History of the Decline and Fall of t! 
Empire.’’ N. Y.: Fred de Fau, 1906. Vol. 4, pp. 111-112. 
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The consequences might have been foreseen and wer 
mperial wheat was purchased by the rich merchants; the propr 
r of corn, withheld from that city the accustomed supply: 
uantities that appeared in the market were se retly sol 1 - in 
legal price. 

Thus ended Julian’s attempt to arbitrarily fix prices. It 
should be noted that both in the case of Diocletian and Julian the 
effect of the price fixing was the withholding from the market of 
the needed food, making necessary the abrogation of the laws by 
which the prices were fixed. 

GREAT Britain: 1199-1815 

Litman” in his ‘‘ Prices and Price Control in Great Britain and 
the United States during the World War’’ tells us that ‘‘an at 
tempt to control both the wholesale and the retail price of wine by 
fixing a maximum was made by the British Government in 1199 
The measure failed, and in 1330, after a long period of ineffective 
ness, a new law was passed which required the merchants to sell 
at a ‘reasonable’ price, the latter to be based on import price, plus 
expenses. This new measure of control proved as futile as the 
old one.”’ 

The first attempt to regulate the price of wheat and bread was 
made in 1202. The most important ordinance on the matter was 
51 Henry III. This ordinance fixed changing weights for the 
farthing loaf to correspond to six penny varieties in the price of 
the quarter of wheat from 12 pence to 12 shillings. The law was 
enforced locally on sundry occasions, but fell gradually into disuse. 

Not until 1815, however, were the last laws fixing the price of 


bread repealed, after a continuous existence of five and a half cen 


turies. The official document ** recommending their repeal enu- 


merates the ways in which these laws have worked out to show that 
their repeal is in the interest of the public welfare. 


THe DutcH Repvus.ic : 1584-85 
John Fiske’* in one of his essays ascribes the downfall of the 


16 The English corn laws from 1804 to 1846 furnish probably the best 
known instance of governmental attempts to stabilize prices in more modern 
times. The corn statutes of these years are simply a record of the impotenc: 
of legislation to maintain the price of a commodity at a high point when 
ef the natural economic forces in operation are opposed to it. Eney 
Brit., 11th ed., Vol. 7, p. 177. 

6 Litman, Simon: ‘‘Prices and Price Control in Great 
United States during the World War.’’ N. Y.: Oxford Un 

17 Great Britain, Parliament, House of Commons: Ré port from 
mittee of the House of Commons on laws relating to the manufacture, s 
and assize of bread. 6 June, 1815. 

‘8 Fiske, John: ‘‘The Unseen World and Other Essays.’’ Boston: 1904 
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Dutch Republic in 1585 to the bungling price-fi 
of the government. He says: 


The turning point of the great Dutch revolution, so far 
the provinces which now constitute Belgium, was the famous sieg 


ture of Antwerp. The siege was long and the resistance obst 


city would probably not have been captured if famine had 
assistance of the besiegers. It is interesting to inquire what 
authorities had taken to prevent such a calamity. Finding 
were accumulating and hoarding provisions in anticipation 
high prices, they affixed a very low maximum price to everything 
be eaten, and prescribed severe penalties for all who should 
more than the sum by law decreed. The consequences of 
twofold. It was a long time before the Duke of Parma who 
the city succeeded in so blockading the Scheldt as to prevent ships 
eatables from coming in below. Corn and preserved meats 

hurried into the beleaguered city by thousands of tons. But 
would run the risk of having his ships sunk by the Duke’s batt 

for the sake of finding a market no better than many others wh 
reached with no risk at all. The business of government is 

men as they are, not as it is supposed they ought to be. If pr 
brought a high price in Antwerp they would have been carried thit! 
was the city by its own stupidity blockaded itself far mor 

the Duke of Parma could have done. 

In the second place the enforced lowness of prices prevented 
retrenchment on the part of the citizens. Nobody felt it necessary 
mize. So the city lived in high spirits until all at once provisions g 
and the government had to step in again to palliate the distress whic! 
wrought. 

In this way a bungling act of legislation helped to decide for t! 
a campaign which involved the territorial integrity and future welt 
what might have become a great nation performing a valuabk 
the system of European communities. 


InpIA: 1770 AND 1866 


The famines of India are prominent features in her 


William Hunter’® in his remarkable book entitled ‘‘ Am 
Rural Bengal’’ writes: 

Lower Bengal gathers in three harvests each year; in the spring, 1 
early autumn, and in December, the last being the great rice crop, the ! 
on which the sustenance of the people depends. The December cr 
utterly in 1770 and fully a third of the population died. This disaster sta: 
out in the contemporary records in appalling proportions. It forms 
the key to the history of Bengal during the succeeding forty years 

In 1770 the government by interdicting what it was pleased to ter 
monopoly of grain, prevented prices from rising at once to their natura 
The province had a certain amount of food in it and this food had to 
nine months. Private enterprise if left to itself would have stored 
general supply at the harvest with a view to realizing a larger profit at 
period in the scarcity. 


19 Hunter, William W.: ‘‘Annals of Rural Bengal.’’ Ed 
Smith, Elder & Co., 1897. 
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‘ 


Prices would in consequence have immediate] 


o reduce their consumption from the very begim 


tion t ‘ 
reneral stock would thus have been husbanded an 


« 


nread over the whole nine months instead 
Instead of this the government 


Th 


last s1X. 
speculation in rice. A government w 
wnything to check speculation acts about as sage h 
nel. who should refuse to put his crew upon halt 
Verv different was the procedure of the government 
famine of 1866. Far from trying to check speculation, 
ernment did all in its power te stimulate it. In the earli 
hardly engage in the grain trade without becoming amen 
} » # 


866 respectable men in vast numbers went into the trade; for 
by publishing weekly returns of the rates in every district render 
both easy and safe. Every one knew where to buy grain cheap 
to sell it dearest and food was accordingly bought from the « 


ould best spare it and carried to those which most urg« ntly needeé 


In 1770 the price of grain, in place of promptly rising 
pence a pound, as in 1865-66, continued at three farthings during 
months of the famine. During the latter months it advanced tc 
and in certain localities reached four pence. 

CoLONIAL UNITED STATES: 1633-1779 


Passing now to the eighteenth century some observations will 
not be amiss on the price-fixing measures resorted to in our country 
during Colonial days and the early years of the Republic, and 
also in France during the tragic period of the French Revolution. 

Both of these periods have been so ably “escribed that little 
seems necessary except to give the references to tue literature. Win- 
throp*® tells us, in 1633: 

The scarcity of workmen had caused them to raise their wag 
excessive rate, 80 as a carpenter would have three shillings the day, a 
two shillings and six pence, etc.; and accordingly those who had commodit 
to sell advanced their prices sometimes double to that they cost in Engl 
s0 as it grew to a general complaint, which the court, taking knowledge of, 
also of some further evils, which were sprung out of the excessive ra 
wages, they made an order that carpenters, masons, etc., should take | 
shillings the day, and laborers but eighteen pence, and that no commodity 
should be sold at above four pence in the shilling more than it cost for ready 
money in England; oil, wine, etc., and cheese, in regard to the hazard of 
bringing, ete., (excepted ). 

Bolles ** gives an excellent account of the experiment of price- 
fixing in the early years of the United States in the attempt to 
stop the rise in price of the necessities of life, caused by the de- 
clining value of continental paper currency. 


2° Winthrop, John: ‘‘The History of New England from 1630-1649.’’ 
Boston: Phelps and Farnham, 1825. Vol. 1, p. 116. 

*1 Bolles, Albert S.: ‘‘The Financial History of the United States from 
1774-1789.’’ Fourth ed. New York: D. Appleton, 1896. Pp. 158-173 
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Pelatiah Webster** discusses the legal limitation 
vigor and lucidity and shows by resistless logie that s 
tion defeats its own end in several ways, the most imp 
which is the withholding of commodities from the n 
it inevitably produces. 

On December 20, 1777, Sir Henry Clinton, in e¢!} 
British forces occupying New York, made a proclam 
follows: 


Whereas it is consonant not only to the common principles 


but to the wisdom and policy of all well-regulated states, in cert 
to guard against the extortion of individuals, who raise the n 
life, without which other parts of the community can not subsist; 


the farmers in Long Island and Staten Island are possessed of g 
ties of wheat, rye and Indian corn for sale, beyond what they 
own consumption; and it is highly unreasonable that those w! 
in need of those articles should be left at the merey of the 
whereas it is equally just and reasonable that every encourage 
given to the industry of the husbandman, and that in all publ 
respecting the price of the produce of his lands, regard should b 
of the conveniences which he is obliged to purchase, and whereas t 


rates at which wheat, flour, rye meal and Indian meal are sold 


exceed in proportion the advance price of those articles whic} 
stands in need of purchasing, and I being well satisfied, fro: 
information, and most accurate estimates, that the following prices 
articles above mentioned will be liberal and generous, have thor 
issue this Proclamation, and do hereby order and direct that the 
hereafter demanded for the said articles shall not exceed the fo 
Viz. : 

A bushel of wheat, weighing fifty-eight pounds, twelve sl 
allowance or deduction in proportion for a greater or lesser weig 
of rye or Indian corn, seven shillings, ete. 

The proclamation proceeds to state that the farmer s! 
clare how much grain he has and if he presume to sell f 
price than the one stipulated or ‘‘refuse to sell the sa: 
prices, shall be subject to have his whole erop of grain, 
of flour or meal, concerning which such offence shall hap 
and confiscated, and himself liable to imprisonment 
offence.’ 

Davis,** in his able and comprehensive treatment « 


‘ 


of prices in Massachusetts, gives much information relat 


22 Webster, Pelatiah: Political Essays. Philadelphia 
shank, 1791. Pp. 11-18. 

23 Clinton, Sir Henry: Proclamation, Dec. 20, 1777. (in tl 
brancer; or Impartial Repository of Public Events. Ed. by J 
London (Vol. 6): 1778. Pp. 57-58). 

24 Davis, Andrew McFarland: ‘‘The Limitation of Prices 
setts, 1776-1779.’’ (In Colonial Society of Massachusetts Pub! 
10. Boston: 1907. Pp. 119-134). 
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subject in the other states also. Felt** gives extracts from the text 
¢ the ‘‘Aet to prevent monopoly and oppression.’’ He also gives 
the actual prices set for the various commodities, and in appendix 
9 gives ‘‘prices of grain, ete., appointed by the general court and 
taken as currency.’’ These prices are of much interest as they go 
hack to 1642 and were legal tender at that time. 

Weeden** writes in his ‘‘ Economie and Social History of New 
England, 1620-1789’: 

The colonial history of the United States affords many instance 
failure of fixed prices to remedy the evils they were designed to cur 
sovernor and council of New England fixed the price of beaver at 6s 
exchange for English goods at 30 per cent. profit, with the freight 
The searcity of corn which was selling at 10s ‘‘the strike’’ led to th 
hibition of its sale to the Indians. Under the pressure of this prohibition th 
price of beaver advanced to 10s and 20s per pound, the natives having refused 

part with beaver unless given corn. The court was obliged to remove 
fixed rate and the price which ruled was 20s. An equally fruitless a 
was made to regulate the price of labor. These regulations were inf: 
for about six months and then were repealed. 


FRANCE: 1789-1793 

As regards the limitation of prices in France during the Revo- 
lution, there seems nothing to add to Bourne’s*’ discussion of this 
subject in the Journal of Political Economy for February and 
March, 1919. We can not fail to note, however, that the system 
failed signally in France as elsewhere, because supplies were with 
held from the markets. The producers could not be forced to de- 
clare what they had and without this knowledge the government 
could not prosecute for withholding them. Bourne writes: 


The arguments in the convention relative to the matter ran the whole 
gamut from the principles of economic liberty advocated by the economists 
of the day to the radical abstractions of Robespierre and his followers, who 
swept commerce aside by maintaining that ‘‘The food necessary to man is 
sacred as life itself,’’ and ‘‘The fruits of the earth like the atmosphere belong 
to all men.’’ 

One of the most interesting of the many suggestions made in the conven 
tion was that of Barbaroux who advocated ‘‘a plan to form local associations 
to collect and circulate information about the crops. In other words, for 
coercion he would substitute cooperation, believing that the French citizens, 
farmers and merchants included, would not turn a deaf ear to an appeal for 
common action against the oncoming peril’’ (famine). Price fixing finally 


25 Felt, Joseph B.: ‘‘ An Historical Account of Massachusetts Currency.’’ 
Boston: Perkins and Marvin, 1839. Pp. 170-173, 184-185, 242-245. 

26 Weeden, William B.: ‘‘ Economie and Social History of New England, 
1620-1789, ’? Houghton: Boston, 1890. 

*7 Bourne, Henry E.: ‘‘Food Control and Price-fixing in Revolutionary 
France.’? (Journal of Political Economy, Vol. 27, pp. 73-94, 108-209. Feb 
ruary and March, 1919). 





636 THE SCIENTIFIC MONTHLY 


became one of the characteristic features of the Reign of Terror 

Robespierre and his councilors passed through the streets of Paris 

of the executioners the mob jeered saying, ‘‘ There goes the dirt 
SUMMARY 

The history of government limitation of price seems { 
one clear lesson: that in attempting to ease the burdens of +) 
ple in a time of high prices by artificially setting a limit ; 
the people are not relieved but only exchange one set 
another which is greater. Among these ills are (1) the with) 
of goods from the market; (2) the dividing of the commy 
two hostile camps, one only of which considers that the o 
ment acts in its interest; (3) the practical difficulties of enfor 
such limitation in prices which in the very nature of the , 
quires the cooperation of both producer and consumer to ma 
effective. 

Egypt took entire control of the grain trade and saved ¢] 
ple from starvation, but took over the land in return. 

China worked out a system of control of supply and 
which kept prices normal. She seems to have been 
country which recognized the whole price question as beir 
symptom and not the disease itself, and because she recognize 
fact seems to have come nearer than any other country to sol 
the problem of supplying the people with the food they neede 
a price they could pay. 

Athens regulated the grain trade and set prices by legal en 
ment, but found herself unable to enforce them. 

Rome made a colossal experiment in controlling prices | 
enactment, but it utterly failed. 

Great Britain had on her statute books laws fixing the pr 
bread continuously for more than 500 years. . The price of w! 
fish and wine was also regulated, but all such laws were abrogat 
in 1815, because of their failure to accomplish the purpos 
which they were designed. 

The Dutch Republic was overthrown in 1585, and at least 
historian of note declares that price-fixing legislation was larg 
responsible for its downfall. 

India has learned in the hard school of experience that e 
in times of famine price fixing is a very dangerous expedient lx 
cause it removes one of the most powerful checks on consumpt 
namely, high prices. 

The Colonial United States tried the same experiment at ' 
rious places and times but failed utterly to secure satisfact 


results. 


The 
ii 


ry 
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2evolutionary France tried the same measures, but the protag 
onists of fhe movement perished on the guillotine. The dreary 
story of France’s efforts to limit prices is distinguished from that 
of the other countries we have noted because of the proposal of 
Barbaroux to enlist the aid of both producer and consumer in 
the effort of the government to control the food supply in the 
interest of the people’s welfare. This proposition was not carried 
out but it furnished the first indication of the goal of cooperation 
oward which we are still pressing. 
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THE SCIENCE OF HERODOTUS 


By JONATHAN WRIGHT, M. D. 


PLEASANTVILLE, N. Y. 


HERE is an ever-recurring obscuration of the mea 
T words as soon as there is much discussion focussed 
conceptions for which they severally stand. One of the most 
ing instances of it in modern times is the word histor 
schools of historians some few years back, a decade or two | 
fell foul of one another as to just how it should be writte: 
belabored one another with great fury and, though I don’t 1 
was ever mentioned by either party, it became evident 
sionate spectators, beyond the pale, that there should be a 
tiation of terms. One school should be ealled annalists 
makers Boswell called them in controversy on the subject 
Johnson, and the other school should be known as excursio 
if there were such a word, ‘‘discursionists.’’ Of course t 
occurs to the Spencerian philosopher that here is the | 
evolution of thought in action. Here is differentiatior 
evolution from the homogeneous to the heterogeneous and 
urally say the history of science is simply a specialty. 
too, this time with a little tone of irritated defiance, we 
that scientific methods of writing history must prevail 
history of science. But is this all just so? In the first 
lay historian is at once in revolt. He wants to know w! 
to be called the School of History. The man outside the | 
a hasty retreat, muttering ‘‘bigotry, intolerance, nonsense.’ 
the man of science loftily says, ‘‘merely an evolut 
nomenon.’”’ 

It is quite evidently then not so simple as any of thes 
laries might lead us by inference to believe. The question 
Is history literature? Well, one can not be an annalis 
almanac maker type of historian without feeling in duty b 
answer, ‘‘ Not exclusively,’’ but if he wishes to exclude the ‘‘d 
sionist’’ he plumply says ‘‘Not primarily.’’ Then he has to 


promise and amend by adding, not necessarily. Back of 
contention for the name of historian lies the desire of the : 


1 References are to the text of Herodotus. Herodoti histor 


IX, ed. H. R. Dietsch (Teubner). 





THE SCIENCE OF HERODOTUS 


tor readers. This is pressing for the lay historian. It 
iV ‘ 
iemonstrated that men of science can be content to be alman: 
u s = 
makers despite the knowledge that no one reads an almanac, but 


the lay historian has been forced to admit that history is literature, 
LO 


a 


part of it anyhow, whether he is an annalist or a ‘*‘discursionist. 
c 
It is founded on the fact that the knowledge of history forms a 


nart of education that the liberal conception of the latter calls 
for the diffusion of knowledge as well as its revelation, and on this 
they base their excuse for bidding for readers. A history that is 
not read, whether it be of science or of comedy, falls so far short 


tle 


of any one’s conception of history that there would seem to be lit 
left to discuss as to who are historians and who are not. To avoid 
nv further reference to it I may explain at once that und 
ategory of almanac makers | meant to range the paleog 

ind archivists, the pure researchers of history, who make no pr 
tence and have no claim to belong to literature at all. There 
plenty to say for them, as much as for the monks and fanaties 

| sorts who have or believe they have a grasp on facts and realit 
that entitles them—and they are right, it does entitle them—to 
ranked among the benefactors of the human race. If they real 
insist that to them and them only belongs the title of historian 

for one out of pure gratitude will gladly serve on a committee 
elect some new term to include the ‘‘discursionist’’ in the ranks of 
those whom we have to call historians, for how are we going to 
shut Herodotus out? How are we as researchers of science, turned 
historians, going to justify ourselves for cutting ourselves off from 
the reading public? The public doesn’t read the best literature, it 
is true; they read poor literature, but poor literature even would 
soon perish from the world if it were not an humble stepping stone 
to good literature. Destroy the Queen of the Hive and there are 
no more bees. Whether it is good literature or bad literature. how 
s the historian of science to take his important part in any scheme 
of education unless he reaches the average man of science, the man 
of science in the street, unless he writes some kind of lite rature, 
good or bad, which attracts? 

It is true that one need not be an excursionist to attract. 
Thueydides was no excursionist, surely not a ‘‘discursionist,’’ and 
when we read Herodotus and Thue *ydides we perceive the schis- 

matie feuds of the historians in our day really began with them. 

We see it is not so much a phenomenon of cultura! evolution as an 
example of two ways of arriving at the same end—the arrest of 
the attention of busy men long enough at least to instil into their 
minds something they much need. 

All that is good in either method enters by right 
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scheme of education, but the writer who takes no care to att; 
makes no effort to allure readers, does not belong to it 
Charles Booth, the greatest benefactor of humanity, the ¢ 
propagandist of the faith in the 19th century, shrewdly said | 
not know why the devil should have a monopoly of the best t 
those that most move the minds of men—and there is no 
why the propagandists of science should not fall in line wit! 
the minds of men crave as well as the Salvation Army. 

I can not linger to point out how these archetypes of th: 
genus historian differ, but as between the Prince of Annalists 
the Prince of Excursionists, Science can not be long in ec} 
Meager indeed are the facts the modern man of science can 
from the fascinating pages of Thucydides, but in those of Herod 
tus even the modern ethnologist and anthropologist will find 
formation worthy of his attention. Geography and geolog 
evidently occupied the thoughts of thinking men of the golde1 
of Greece. It is not only biology and physiology and climato 


which may receive hints from his discourse, but more tha: 
ethics and the science of moral philosophy, the wisdom 
world, that which is science but vastly more than science, forn 
veritable mine open to him who meets it with an open 

the historian tells us this is not history, these are excursio: 
diversions, let us not for a moment imagine that they are not | 
for the historian of science. We can afford to let the ever s: 
dering feud go on in lay circles as to whether this thing is 
that thing is not history; if the Father of History is no father 
theirs, we can only think of the wisdom of the child in recog 
his male parent, which some historians of a recent day do not | 
sess. It is these very excursions, this very discursiveness, the 
gressions from the path of the story, almost unknown in the t 
vivid pages of Thucydides, which give value to the books of Herod 
tus as a source for the history of science. These are the 
which are history for us and these are the things which, b 

of their attraction to all men as resting places, if as nothing e 
have preserved to us the work of Herodotus for more tha: 
thousand years. Not these diversions alone but pure gossip 
idle tales coax the footweary along the central highway. Pri 
man is incapable of any other kind of journeys into things 
lectual. Assiduity and concentration of mental efforts and, of 
things, persistence and patience are acquired virtues and funda 
mentally that is the reason the pages of Herodotus have been pr 
served to us and have preserved their charm for the childre: 
primitive men to this day. It is after all the natural way to 
quire knowledge. Man picks up most copiously and most to his 
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.dvantage those things he absorbs incidentally as he moves to other 
estinations. 

| [ shall elsewhere have an opportunity to show that Herodotus 
ieliberately and as a matter of art adopted this discursiveness into 
gossip and tales from the Arabian Nights, but he had no idea that 
he was departing at all from the true functions of history in his 
jiscourse on the geology and cosmogony of Egypt or on the 
ethnology of the tribes that trooped along behind Xerxes and his 
Medes and Persians into Greece from all, even the remotest cor 

ners. of the known world, perhaps even not when he relates* that 
in Libya lambs come forth at once horned. He shades the phrase 
iust enough not to assert they are born with horns but allows the 
reader to join with him in the doubt whether or not the genital 
eanal of the mother is in danger of laceration from her offspring. 


We however forgive the inexactitude of statement when he takes 


ip the discussion of the seasons for this precocity in sprouting 


horns. He suggests that in these warm climates they grow more 


quickly. In rigorous climates of severe cold the cattle at first 
either do not grow horns at all or grow them with difficulty. 
my part as a reader of history I halt with pleasure from the bloody 
murderings of savage men and the sordid rasealities of ancie 
politicians. It is a digression that rests me and informs me 
pleases me, because in this epoch when an era of biological theory 
has closed and another one has been ushered in, when evolutionary 
theories are fighting desperately for survival, it brings to my con- 
sciousness that man was busy with such thought at the dawn of writ- 
ten records. Apparently Herodotus thought it a legitimate digres- 
sion. When however he turns to mules he does apologize for the di- 
gression. They are so different from lambs, I suppose, but he apolo- 
gizes in a way that shows these digressions, as I have said, are a 
part of the art of history writing for him. ‘‘The plan of my work 
from the beginning has sought digressions,’’ he says in parenthesis. 
[ desire also to show that he grouped all such phenomena in an 
etiology of environment. He breaks into his story of the northern 
people with an animadversion to the Libyan phenomenon. Then 
he switches back to the Chersonese again as though the mule ob- 
servation reminded him of another example elsewhere ranged under 
the same law. ‘‘I wonder,’’ he says, ‘‘that in the whole territory 
of Elea they can not breed for mules, the climate being neither 
cold, nor any other cause to account for it,’’ and then he tells what 
the Eleans themselves say, which is trivial, but the passages allow 
us to see how the climate as an etiological factor lingers in his 
2IV, 29. 
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mind as it did in that of Hippocrates, and caused him to 
wonderful book on climates—Airs, Waters and Places. T 
both but voicing the thought of their time. Again it recy 
Herodotus.’ The Persians, modern archeological crit 
fairly well shown, were descended from northern people, come 
to territories below the Caspian Sea evidently from aro 
eastern end of the Black Sea, more than a thousand years 
the time of Herodotus perhaps, on their way to India. T! 
and the Persians stayed behind in a temperate climate ar 
time of Xerxes they ruled the tropical tribes of Africa 
and many others and Xerxes laid his conscription on then 
led the most heterogeneous levy of men ever marshalled 
command across the Hellespont. But long before these 
there occurred a battle in Egypt between the forces of the | 
King Cambyses, led by the Greek renegade Phanes, and t 
auxiliaries aiding the Egyptians who were put to flight. 
battlefield, some seventy years afterwards perhaps, Herodot 
viewed: ‘‘I saw a wonderful sight which the people dwell 
told me of. The bones of the Persians lay separately in or 
as they stood separately in the battle; elsewhere were 1 
the Egyptians. The skulls of the Persians were so weak 
you struck them once with a stone you would make a hole 
but the skulls of the Egyptians were so strong you cou! 
burst them pounding them with a stone.’’ The old jokes 
the thickness of the negro’s skull used to pervade the n 
shows of my youth. Perhaps one can occasionally find the 
funny columns of the newspapers now, but I have really forg 
whether modern anatomical science has given its countenance 
them, though I am under the impression that it has. At | 
modern archeology has shown how large a mixture of pure 
blood there was in the ancient Egyptians. If the joke was of | 
antiquity in Herodotus’s day, how modern is his discussion 
He says this marvel he saw himself, so evidently he was not 
quainted with the end man’s jibes and repartees and 
perhaps he was the first to contribute this observation to biol 
science. The etiological theories of his day may not all of t 
admitted to be legitimate claimants to a place in modern dis 
sions, but orthodox or heretical as it may seem to one or the ot! 
of modern disputants there is no doubt of the modern plausib 
of the one Herodotus chose to transmit to us as the one he thought 
most reasonable. 

**They say the cause of this is, and I readily believe them, t 
the Egyptians from their childhood up shave their heads 


SITI, 12. 
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‘he pone’? — (mark the singular, not the ‘‘bones’’)—‘‘is thickened 
5 the sun. This it is and not because they are bald (naturally) 
tel any one may see that the Egyptians are the least bald of 

en. This is the reason the thick skulls belong to them, and as f 

» Persians, this is the reason they have weak skulls—they er 
¥ in the shade wearing woolen tarbooshes. These things | 

, e and others like them I saw at Papremis in those perisl 


Achaemenes, the son of Darius, at the hands of Inarus, 

byan.”’ 

Now the battle in which Phanes saw his children sacrifice 

re his eyes, and Papremis also, may have been great batt 
Herodotus was unconsciously formulating the grounds of a 
yssion from which in the last hundred years have arisen confi 
loubtless not so bloody, but not inferior in ardor nor lacking 
‘rimony and vastly more persistent. Is it the primeval unvary 
ng germ plasm of the negro race or the sun that curls their hair 
nd thickens their skull? Is it climate that starts the lambs’ horns 


\ growing in utero? Has not the climate something to do with 


£ 


success in mule breeding? Have we arrived at a satisfactory 
nderstanding of the influence of environment on the heredity of 
nor beast? Those skulls lay heavy on Herodotus’s mind, when 
he spoke of the ‘‘bone’’ of the skull, for he knew well there was 
ve than one usually. He remarks‘ that at the battle of Platwa a 
Persian fought, whose skull was all one piece of bone, gums and 
teeth making a solid continuity. The man was five cubits high 
ft.?). Aromegaly? I am not an anatomist or patholovist 
enough to know what it was Herodotus marvelled at, but there can 
be no doubt he was an acute observer, and a more competent reader 
than I, if he comes to be as sympathetic toward Herodotus as I am, 
will easily be able to tell what lesions of giantism confronted him. 
Elsewhere he several times alludes to the giant stature of indi- 
vidual Persians, some of them, I think, a little exceeding five cubits, 
but nothing unbelievable in this connection. In these citations of 
his contributions to this early discussion of evolutionary points | 
an go no further, nor can I linger long in the few other fields I 
shall venture to touch upon. I can only seize upon a few of the 
phenomena Herodotus was interested in, more especially those 
which lend themselves most readily to a transportation to modern 
attention. Many fields I have not entered at all here, to which 
the historian of science may revert with profit. 
It is, however, in other fields of science that Herodotus has 
made the most valuable contributions to its history. These are 
especially marked in ethnology and to a certain extent they have 


4TX, 83. 
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been utilized by some writers, but although much has 
whieh has not become current knowledge among intellige 
science I shall not be able more than to touch upon 
ethnology here, and that incidentally to other interests. 


tion as to how much of the knowledge, lodged in the n 
of men who dwelt in the basin of the Mediterranean, } 
rived from the inhabitants of the hinterland is a matter o! 
interest. On the whole it has been minimized, I think, rat! 
magnified by modern writers. Everything which 
torical research has revealed goes to prove how just was Her 
tus’s conclusion that the garden lands around the M: 
were being constantly repeopled or rather their peoples w 
constantly replenished by the pressure of Scythian 
hinterland, and they in their turn were being pushed 
the Hyperboreans.’ Of these surprisingly little was 
Herodotus, but it is surprising only in view of his remark 
mighty host who crossed the Hellespont with Xerxes. No 
ean help being moved at the panorama, revealed to us | 
of History, which stretched out at the feet of the Persia 
If Xerxes wept it probably was not so much at the t! 
would all be dead in a hundred years, but from a natu: 
though not altogether an easily defined one, at the 
the throngs of mankind from every known region of 
rayed under his banners along the shores of the Chers 
are washed by the Sea of Marmora, where men are still 
for much the same reason that he was leading his myr 
treece. Of all these Herodotus has something to say a: 
can fail to appreciate that ancient knowledge of the tribe 
kind was far from inconsiderable, but it was the acquaint 
with the tribes of the regions south and east of the shores 
middle sea that was by far the most extensive. Moder: 
is continually having revealed to it that the statements of Her 
tus as to these are not wide of the mark, forming a most cu 
and instructive contrast with the trash collected in the volume 
Pliny—a contrast continually intruding on us when we co 
the culture of Greece with the bastard civilization of Rome 
Even of far India we get confirmation of his can: 
from a source two thousand years later. He says® the Hin 
living in the far east are nomads and eat raw flesh and 
relatives before age or disease has spoiled their flavor, ac 


it a piety by thus absorbing them to save them from the sorro 


and trials and sufferings of this world. Ludovici Varthe! 


SIV, 16. 
III, 99. 
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are told,’ foremost of travellers and adventurers in the 16th 


century 
hack the same account. 


(A. D.), sailing from Bologna, visited Java and brought 
When Sataspes, at the behest of Xerxes, 


1 } 


3 a punishment for a profligate Persian nobleman who had com- 
a « r 7 : i 

mitted rape on a noble woman, sailed past the Pillars of Hercules 
Litt 


snd out into the northern ocean he turned south to circumnavigate 
\frica; the reward he was to receive for accomplishing it was his 
He failed, returned and was impaled. Sailing for months 


months to the south down the west coast of Africa he came 


life. 
and 
of shore alongside of some small people clad in garments of palm 


leaves, who when he came toward them in the ship fled to 
There ean be little doubt from Herodotus’s ace int 


the 
mountains. 8 
that in his day the pygmies, in whom the world disbelieved for 
twenty-five hundred years—even after Du Chaillu found them 
Central Africa—dwelt by the sea. Necho, king of the Egypt 

had sent the Phoenicians around Africa sailing out of 

Sea to the southern ocean and then by the north ocean through the 
Pillars of Hercules to the Mediterranean ports of Egypt. Much 


hile 
1 


of Asia was explored under the orders of Darius the Great, who 
ascended the throne of Persia about the time Herodotus was born 
or a little before. He wanted to know something of the Indus 
and sent Scylax of Caryander to investigate its mouths where it 
enters the sea. He and his comrades went down the river and 
sailed across the Arabian gulf, up into the Red Sea to the starting 
point whence, some hundred and forty years before, the Phoe- 
nicians set out for the circumnavigation of Africa at the command 
of Necho, so it is not difficult to credit the knowledge of Herodotus 
to the Egyptians and to the enterprise of the great Persian mon- 
archs, so far as his geography and his ethnology are concerned. 
“*As to this country (of Egypt),’’ he says, ‘‘much of it, accord- 
ing to what the priests tell me, and it seems to me myself to be so, 
is land which has been a gift to the Egyptians. It appeared to 
me that the space above Memphis in between the mountains I have 
spoken of had been a gulf of the sea, just like the plain around 
Ilion and Teuthrania and Ephesus and the plain of the Meander, 
if one may compare these small examples with this huge one. For, 
their rivers also by silting up having formed these territories, not 
one of them as to extent can be compared to a single mouth of the 
Nile, and of these there are five. There are other rivers also. not 
like to the Nile as to size, which show evidence of the creat changes 
they have brought about. Of these I ean give the names and not 
the least of them is the Achelous running through Akarnania and 


*Boulting, William: Four Pilgrims, N. Y., Dutton, 1922. 
SIV, 42, 43, 44. 





646 THE SCIENTIFIC MONTHLY 


emptying in the sea, which has made a mainland out of ¢! 

of the Echinades,’’ where Missolonghi is now situated 
Ionian Sea. ‘‘There is also in Arabia a territory not 
Egypt, a gulf of the sea jutting into it from what is called ¢ 
Sea, long and narrow, as I am about to relate. The sailine 
tance, starting from the upper end down to the broad sea : 
forty days to cover in a boat manned by oars, but the widt} 
gulf at its broadest is only half a day’s sail. There is flo 
ebb tide in it every day. I think once there was another 
this an Egyptian one somewhere which set in from the 
sea( Mediterranean) toward Ethiopia; that from the sou 

in towards Syria I have just spoken of. Ends of these had 
through towards one another so as almost to meet, but 
aside a little in the interior of the land. If therefore on 
to divert the current of the Nile into the Arabian Gulf 
hinder it from setting up a barrier in the course of twe 
sand years? I should think it might be raised in ter 
years. Somewhere within this past time before I was bor: 
not the gulf silt up and much more, the river being suc! 


working one in this way? I follow the opinion of those sp 
thus concerning Egypt and I am very much of that 

self, having seen a part of Egypt extending beyond its cont 
territory showing shells upon the hills and sea salt spread 


surface, so that the pyramids suffer, and the sand alone 
hill above Memphis and in this place Egypt being like 
Arabia or Lybia and not like Syria for that is a part of Aral 
which the Syrians dwell.’’ 

It is probable that when the Athenian in Plato’s d 
The Laws declared (11:656) that the arts of life had exist 
thousand years in Egypt he was giving vent to a credulity 
greater than that of Herodotus, for the existence of civil 
a very different thing from the existence of the life of mar 
delta of the Nile. To strengthen their hold on the social 
tion fast crumbling to annihilation of the empire before the 
Herodotus, the priests of Sais and of Heliopolis manufactured | 
titious chronology very evidently, but geologists of more re 
date, of the most recent indeed, have brought the figures the } 
suggested to Herodotus within the margin of error which is e 
present inevitable. So when Herodotus remarks that these priests 
of Sais were the most learned men he had ever met, those knowing 
most of the past history of world events, we may be ready to be 
lieve that the science they possessed and which he transmits t 
represents no negligible body of knowledge existing at the 
of written records. 
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Every once in a while, in journals like the Screntiric MonTHLYy, 
we get a résumé of the state of geological knowledge in refutation 
of the story Plato tells in the Timeus as to the lost continent 
Atlantis. I think the preponderance of this geological opinion is 
to the effect that there are more reasons to believe it never existed 
and never sank beneath the waters of the ocean in a mighty cata- 
elysm of nature, that like some of the chronology of the priests of 
Sais the story of the Atlantis was purely fictitious. According to 
this it wrought havoe with geography not only far out into the 
Atlantic but it split the rocks of the Acropolis at Athens and 
altered the shores of the Mediterranean thereabouts. The prepon- 
derating view of the geologists is well set forth in a condensed and 
non-technical form in a publication’ of the American Geographical 
Society of recent date. It is only somewhat less frequently than 
the refutation there arises some one from the ranks of science to 
give expression to his belief that the story was founded on a tradi- 
tion having its origin in some such cataclysmic event. Doubtless 
the conviction which has gathered strength of recent years that 
the last ice age, both in Europe and in America, was very much 
more recent than was believed generally by cosmologists a genera- 
tion or so ago, has had a stimulating effect on the tendency to find 
the tale from the Timzus creditable as being founded on geological 
fact. The dates given by Plato not varying much from those given 
by Herodotus and confirmed by modern science for the approxi- 
mate age of the delta of the Nile can not fail to suggest that there 
was prevalent in Greek science a well-founded belief in this cata- 
clysm. Herodotus lived into the age of Plato and read his his- 
tories in Athens and doubtless Plato was familiar with them and 
there could not have failed being an affinity of relationship be- 
tween the theories as to the Nile and of that as to the sunken conti- 
nent. Ten or twelve thousand years before the age of Pericles, it 
must have been thought there was a different course of the Nile 
and a huge island or continent outside the Pillars of Hereules and 
that some cosmic disturbance, wide extending and deep reaching, 
had brought about the geography of the Nile and the shores of the 
Mediterranean as we know them. 

When the Greek became convinced of the ancient nature of 
Egyptian civilization and saw the evidence of the recent forma- 
tion of the delta of the Nile, his fertile mind could not fail of being 
impressed with the dramatic contrast and the probability of a 
cataclysmic change which not only had once really oceurred, but 
which had given rise to innumerable fables of feats ascribed to the 


® Babcock, William H.: ‘‘Legendary Islands of the Atlantic. A Study 
in Mediwval Geography,’’ 1922. 
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gods around the Mediterranean, a suggestion not very | 
to the latter, since primitive man has stocked every corner of ; 
clobe with fables. However, it is quite as evident as the 1 


ascribed to the last recession of the ice that in a period 
corresponding to it the Nile, then rolling its fertile floods 
other sea basin, the Arabian Gulf or more probably dow: 
ley of the Congo to the Atlantic, was more or less suddenly 
by some upheaval of terrestrial planes and directed towa: 
Mediterranean. I do not pretend to any ability to int 
rectly the theories of geologists, but this to the average 
man of science of to-day makes a strong appeal, and the f 
history and the fables of antiquity seems to fall in line 
One can not help being impressed with the coincidence of 
ogy from so many different sources. What Herodotus says . 
land of Egypt, what Plato passes on to us as to the lost At! 
the confirmation of Herodotus’s report as to the age « 

of the Nile by modern geology and finally the present 

of the recent date for the recession of the ice sheet from tem 
European and Asiatic regions—all together they lend 
probability to the old legend of the Atlantis which has 
geological opinion itself. Termier’s advocacy of it seems well 
known and recently the article by ‘‘Ph. Negris, docteur hor 
de 1’Université d’ Athénes,’’ in the Révue Scientifique for Septe: 
ber, 1922, has for its opening phrases the following: 

‘‘The tradition of the submersion of the Atlantis has bee 
a long time relegated to the realm of fables; I shared in this ger 
eral opinion myself until the American geologists established the 
time with-narrow limits (seven to ten thousand years) w! 
elapsed since the glaciers have receded.’’ 

Then he goes on to set forth in a much more. frank and uw: 
promising way than usual in such articles his belief in t! 
historic existence of the Atlantis and in the general scheme of 
logical events which accompanied its subsidence into the bed of th 
Atlantic Ocean. Though he extends the argument far beyond t 
line possible to an article on the science of Herodotus and his Nile 
theories, I doubt if geological readers generally, even in this ¢ 
try, will find any new evidence in it, but I instance the art 
I might a number of others, in evidence of the growing interest 
phenomena which aroused the same theories in Herodotus and 
Plato near twenty-five centuries ago, but there exists more to sup- 
port them in our day than in their own. 
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CONSCIOUSNESS AND THE SENSE OF TIME 
By Professor T. BRAILSFORD ROBERTSON 


UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA 

N recent decades the progress which has been achieved towards 
] the mechanistic interpretation of life-phenomena has been 
truly startling in its magnitude. Not only have the more obviously 
mechanical aspects of life been largely traced to the interaction of 
physical and chemical factors or analyzed into component parts 
which may be clearly perceived to originate in physical and chem- 
ical phenomena, but even those activities of the higher animals, 
which we were formerly disposed to attribute to the operation of 
psychic factors, have been so frequently analyzed into mechanistic 
components that many biologists are beginning to feel that in the 
interpretation of life-phenomena psychic factors are wholly super- 
fluous. Thus the tropism theory of Loeb, which reduces the di 
rectional or ‘‘oriented’’ reflexes of animals to the operation of 
asymmetric muscular tensions; the older investigations of Fabre, 
which showed that the elaborate ‘‘instincts’’ of insects represent 
so many series of concatenated reflexes, directional or other, each 
reflex affording the stimulus which awakens the next; the investi- 
gations of Pawlow, which have shown that ‘‘associative memories’”’ 
are spatially distributed in the central nervous system of the dog 
in a fashion which corresponds to the spatial distribution of its 
skin-receptors; the investigations of Cannon, which have traced 
the expressions of emotion to the operations of chemical excitors 
or hormones—all of these and many other investigations unite in 
eliminating consciousness from the group of factors which we 
have ascertained to be determinative in animal existence. 

Now this is a very strange thing, because it is impossible to 
postulate mechanism without at the same time postulating a per- 
cipient consciousness. It is quite useless to attempt to evade this 
fact. To wilfully disregard consciousness, as something lying out- 
side the real world of scientific investigation, is not to deprive 
it of existence. If it is a mere illusion, how shall we trust it to 
enable us to understand those things which are not illusory? The 
more perfect our mechanistic interpretation of nature becomes, the 
more utterly do we rely upon the verity and reality of conscious- 
ness. It becomes, in fact, our sole prop and stay. 
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There have been many philosophers and some biolovists 
following the path indicated by Berkeley, have not hesitateg , 
ascribe reality solely to consciousness, so that the whole exte; 
world is viewed as a complex tissue of states of the percipient 
sciousness. Mechanism in that case would become identica] 
extensive with consciousness. But to this theory 
familiar answer that there is not only one percipient conse; 
there are many. It is true that we can not directly experie: 
consciousness of any other individual, and, perhaps, from { 
of view of a physiologist, it is conceivable that all other ; 
except himself might be successfully interpreted as uneo 
automata. But this has never commended itself as a reagoy 
viewpoint, and it is universally conceded that a legitim 
ment from analogy justifies us in assuming the existence ; 
tiple discontinuous consciousnesses. 

Furthermore, the fact that our perceptions of the . 
world are wholly expressed in terms of states of conscious) 
example, color, which has no existence as such in the physic 
verse), does not in the least controvert the fact that the e 
cause of these states of consciousness lies outside cons 
itself. In other words, there is a reality without as well 
reality within, so that although the reality within, the su! 
real, can not perceive the reality without, yet it can perceiv: 
effects of that outside reality upon itself. 

A great many contemporary biologists, perhaps the majorit 
of them, are either tacitly or confessedly ‘‘monists’’ of o1 
or another. That is, they believe that the universe is one tl! 
either matter or some other primal entity comprehending « 
sciousness and matter within itself. It is true that pure mat 
ism leaves consciousness unexplained, while it utilizes conse 
ness to construct its thesis, so that it is logically indefe 
Psychomonism, as we have seen, lands in less obvious, but 1 
real absurdities. ‘‘Psycho-physiological parallelism’’ states a { 
or an assumption, but leaves the fundamental question of w 
duality without an answer. Nevertheless the hypothesis 
monism continues to claim a large number of adherents because 
receives very substantial support from two independent lines 
reasoning and research, which converge towards the same co! 
clusion. 

The increasing insistence upon the importance of ‘‘sul 
scious’’ mental activities by students of psychology and psycho 
logical pathology has inspired a number of contemporary phil 
sophical generalizations, of which Bergson’s doctrine of ‘‘creati' 
evolution’’ may serve as a type. These hypotheses emphasize the 
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importance and value of the instinctive and intuitive states of 
consciousness at the expense of the ratiocinative. Ethically, such 
doctrines are capable of being construed in a very dangerous 
fashion. They commend themselves to those who prefer the rule 
of impulse and emotion to the rule of reason. They set the archi- 
pallium above the neopallium. They render the latest acquisitions 
of man’s evolution useless or positively harmful. They lead us 
away from occidental thought into the mystical regions of oriental 
speculation. They constitute a denial of the right of reason to 
rule and direct, and therefore they cut at the root, not merely 
of our material progress, but also of our social organization, a fact 
which anti-social elements have not been slow to grasp.’ We, that 
js to say the scientific investigators, who have pinned our faith 
to the contrary supposition, are therefore entitled to scrutinize 
very narrowly the assumptions which lie at the foundation of 
these philosophical ideas, and to inquire whether the facts really 
compel the deductions which have been so freely and fearlessly 
drawn from them. 

Fundamentally, I believe the chain of reasoning which is held 
to prove the bankruptcy of reason runs something like this: Ob- 
servations under hypnosis, and in conditions which are probably 
allied to hypnosis, have revealed the recoverability of vast stores 
of memories and experiences, of the existence of which we are 
normally unconscious. Now, at this point a very natural assump- 
tion is made, without which the whole subsequent superstructure 
of reasoning falls. Since memories are customarily associated in 
our experience with consciousness, it is assumed that those 
memories of which we do not possess a waking consciousness are 
nevertheless associated with some different or ‘‘subliminal’’ type 
of consciousness. Since these memories are demonstrably far 
more extensive than our ‘‘waking’’ memories, therefore, also, this 
“‘subeonsciousness’’ is much more extensive than our waking con- 
sciousness, and by a natural association of the idea of capacity 
with that of potency, it may also be supposed to be more funda- 
mental and more important. 

Alone, this argument might have failed to carry conviction to 
the minds of its originators. It received striking support from a 
much older school of thought, however, and the coincidence of two 
arguments sufficed to accomplish that which neither would have 
been able to perform unaided. 

The origin of consciousness has engaged the imagination of 
philosophers and the more philosophical types of scientifie men 


‘ 


1 Lothrop Stoddard: ‘‘The Revolt against Civilization,’’ 1922, p. 162. 
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from a very remote period of history, and some form of pan- 
psychism, or theory of the universal distribution of consciousness 
in matter, has been regarded by very many, in every generation 
since the fifth century B. C.* as a hypothesis possessed of a re- 
spectable degree of plausibility. With the realization of the fact 
of organic evolution, this hypothesis sprang to the forefront of 
importance, for it seemed to furnish a means of accounting for the 
evolution of consciousness in a series of gradations paralleling the 
gradations of material evolution. But, if consciousness has been 
evolved in this manner, then it must exist in some rudimentary 
and generalized form in every atom, and in a somewhat more 
specialized form in amoeba until, rising by successive stages of 
specialization, it finally attains the degree of complexity and self- 
awareness which we subjectively experience within ourselves. 
Now our waking consciousness is lost in profound sleep, or as a 
result of relatively trivial lesions in a very restricted area of the 
brain. Our organization is not rendered appreciably less intricate, 
and so, if intricate organism implies a parallel intricacy of con- 
sciousness, there must be a vast realm of consciousness of which 
we are normally unaware, 1. ¢., a ‘‘subeconsciousness.”’ 

Now we must note the precise implication of this hypothesis, 
which is at first sight so simple and so plausible. The only con- 
sciousness of which we are ever normally aware is that minute 
fraction (as we must suppose it to be, if the above reasoning is 
correct) which constitutes our waking consciousness. To account 
for this, however, we are inventing a whole spectrum of states of 
consciousness, of which only a minute proportion is visible to us. 
In the physical spectrum there are certain gaps which have not as 
yet been rendered visible to us by the artificial senses of science, 
but the areas which have become visible form so large a propor- 
tion of the whole, and are so widely dispersed within it, that 
we are undoubtedly justified in assuming that the physical spec- 
trum is truly continuous. But what would we say to the physicist 
who, having caught a glimpse of the sodium lines, were to straight- 
way declare ‘‘From this I infer the existence of a continuous spec- 
trum, from the infra-red to the x-rays?’’ This ‘‘reasoning,’’ so 
obviously reckless in the physical world, has not infrequently been 
accepted as valid by biologists such as Driesch and Verworn and 
philosophers such as Bergson. Their unquestioning faith doubt- 
less arises out of the difficulty of conceiving any other origin of 
waking consciousness if we suppose that consciousness has been 
evolved. But is this supposition really necessary ? 


2G. 8S. Brett: ‘‘A History of Psychology,’’ London, 1912, Vol. 1, p. 32. 
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The alternative supposition to which the phenomena of ‘‘sub- 
conscious memory’’ might conduct us is simply this: Memory ts 
not always associated with consciousness of any kind, although ut 
may occasionally be illuminated by consciousness. Why, indeed, 
should we prefer the self-contradictory assumption of the existence 
of forms of consciousness which are not conscious, to the entirely 
self-consistent hypothesis of a purely unconscious mechanism of 
memory ? 

Memory is, in fact, no mysterious thing which is inexplicable 
in mechanistic terms. On the contrary, a twisted bar of steel may 
readily be shown, by the phenomena of hysteresis, to have ‘‘re- 
membered’’ the torsion to which it has been subjected. Its be- 
havior for long afterwards is modified by its ‘‘experience.’’ I 
have elsewhere* proposed a theory of memory in animals which 
attributes this phenomenon to chemical changes in nerve fibrils 
which facilitate the subsequent passage of impulses along paths 
which have previously been traversed. The process of memory 
‘*trace-formation’’ would thus be essentially a process of auto- 
catalysis, analogous to many other autocatalytic phenomena which 
occur among the activities of living organisms. Would it not be 
better, therefore, to place the more obvious interpretation upon the 
facts, and regard consciousness as a species of searchlight, illumi- 
nating a minute fraction of the vast void of blank unconsciousness 
in which our mechanisms move and have their being? This con- 
sciousness, which we may define as the awareness of its content, 
may illuminate at one moment a relatively large area of cerebral 
activity, at another a relatively small area. When it illuminates 
but a fringe of the horizon of our cerebral life, we are semi-awake 
or dreaming. When a larger arc is illuminated, we speak of full 
or ‘‘waking’’ consciousness. When the light descends, as under 
hypnosis, to the objects and events which lie near at hand, in the 
most intimate reeesses of our cerebral life, then we momentarily 
view a panorama of events and memories of which the magnitude 
and variety amaze us, but of the existence of which we are nor- 
mally oblivious. 

A striking experiment, which reveals in the clearest fashion the 
mechanistic origin of memories and associations, has been per- 
formed by Professor I. P. Pawlow.* If a dog is shown food, its 


3T. Brailsford Robertson: Arch. Internat. de Physiol., 1908, VI, 388. 
**Folia Neurobiologica,’’ 1913, VII, 309. 


4 These experiments have only been described in Russian, and the original 
descriptions are therefore inaccessible to me. I owe my knowledge of the 
above particulars to a personal statement and demonstration which Professor 
Pawlow very kindly gave to me during my visit to Petrograd in March, 1914. 
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salivary glands secrete saliva, the volume of which may be meas- 
ured by inserting a tube in the duct of the gland and collecting 
the drips. If, at the same time that the dog is being fed, we apply 
some other stimulus, for example, pressure on the skin at some 
particular point, on repeating this many times over a period of 
several weeks the dog comes to associate this stimulus with the 
notion of food, and ultimately secretes saliva when the skin-pres- 
sure alone is applied. When the association has been thus estab- 
lished, pressure applied to any part of the skin yields a secretion 
of saliva. If, now, this stimulus is applied at intervals of half a 
minute several times in succession without the administration of 
food, so that the dog experiences a series of disappointments, the 
secretion of saliva progressively diminishes until it ultimately 
disappears. On now shifting the point of stimulation quickly to 
another area, a full secretion is obtained, but if we wait two or 
three minutes we find that it can not be elicited by the stimulation 
of that point either. A minute ago the dog possessed a memory 
associated with stimulation of this part of its skin. In the mean- 
while nothing has been done. Yet the memory has lapsed. This 
loss of memory progresses from point to point over the whole skin, 
from the hind foot, up the leg, along the flank and down the front 
leg, arriving at each point a little later than it arrives at the pre- 
ceeding point. A change has occurred in the brain; a wave of for- 
getting has passed over the area of the brain which corresponds 
to the tactile sense in the skin, and the motion of this wave is so 
slow as to occupy several minutes. A few minutes later memory is 
restored, the effect of disappointment has worn off, and the wave 
of reawakened memory travels over the same path at approximately 
the same rate as the wave of forgetfulness. Now we can not sup- 
pose the dog to be conscious of all this. If the dog is really en- 
dowed with consciousness, which appears a reasonable supposition, 
then we must suppose that the consciousness of the dog is, in this 
case, merely a passive registrar of the memories which are formed 
and dissolved mechanically in its cerebral structures. 

The difficulty attaching to a dualistic conception of the uni- 
verse, which regards the possession of consciousness as some new 
thing, lodging in animate nature for the first time somewhere about 
the phylogenetic level of the vertebrates, is that it involves an 
apparent discontinuity of evolution. I think, however, that those 
who experience this difficulty are, after all, viewing the phenomena 
with a monistie bias. They are regarding consciousness as, in some 
sort, a ‘‘secretion of the brain,’’ and, if it appears unheralded in 
nature, a breach of continuity in evolution is supposed to have 
occurred. Setting aside, for the moment, the ascertained fact that 
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organic evolution has actually occurred in a series of discontinu- 
ous progressions or ‘‘mutations,’’ we may still say that if con- 
sciousness be regarded as a thing wholly distinct from matter, 
which is the point of view of the average layman, then no breach 
of continuity has occurred when the progress of organic evolution, 
approaching ever more nearly to the necessary degree of organiza- 
tion, at last intersects the reality of consciousness. To make the 
matter evident by a more or less imperfect analogy, no breach of 
continuity in the evolution of human implements occurred at the 
moment that the invention of the coherer enabled the Hertzian 
waves to be for the first time perceived by man. The complexity 
of our physical apparatus had then developed to the extent of 
intersecting these waves of great length, and henceforth, although 
without breach of continuity either in nature or in organie evolu- 
tion, a new mode of perception was vouchsafed to man. 

In recent years we have become accustomed to the idea of a 
space-time reality which, as the students of relativity have taught 
us, constitutes our physical universe. Now the consciousness- 
reality evidently intersects the space-time reality along the time- 
axis and nowhere else. It is extended in time, but not in space. 
I suggest that this intersection is accomplished by means of a 
specific cerebral apparatus which ‘‘perceives’’ absolute time. The 
nature of a machine capable of perceiving absolute time, as the 
eye perceives light, is not at all inconceivable, and its main char- 
acteristics have already been described by students of relativity.’ 

A time-machine would, by its very nature, add no energy to 
the organism in which it occurred, nor would it expend energy, for 
energy is invariably associated with mass. It would, however, be 
capable of influencing the rate of release of energy. In that case 
whatever happened would be a consequence of transformations of 
material energy, but the moment and rate at which it happened 
would be subject to influence by the state of consciousness. A 
signalman, in operating his switches, performs virtually no work, 
yet he determines out of a mechanically limited choice of possi- 
bilities. the direction of discharge of all of the vast energy output 
of the railway engines. In similar fashion our consciousness may, 
within the mechanical limitations imposed by our cerebral archi- 
tecture, direct the output of bodily energy, without generating 
or abstracting any energy itself. At the bifurcation of the paths 
the time-switch may be thrown this way or that, and, thereafter 
or before, all that happens is mechanically inevitable. 

The cerebrum of man, thus viewed, contains a time-machine 


5A. 8. Eddington: ‘‘Space, Time and Gravitation,’’ Cambridge, 1921, 
Chap. 2. 
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whereby our material entity intersects another reality, and the 
product of this intersection is consciousness. It is most important, 
in this connection, to realize that the coordinating activities of the 
brain do not necessarily involve consciousness. During sleep, or 
unconsciousness from other causes, bodily activities controlled by 






































nervous agencies may continue uninterrupted. Many of these, for 
example, breathing, may be injected into the field of consciousness 
during waking hours, but this is not at all essential. The brain is 
a self-sufficing machine, with or without consciousness, that is, with 
or without activity of that latest addition to our cerebral appara- 
tus which brings us into relation with the consciousness-reality 
through the medium of time.® 

The sense of time thus becomes at once the most fundamental 
and the most remarkable of the endowments of man, for it lies at 
the very root and foundation of our consciousness. I am well 
aware that some attempts have been made to interpret the time- 
sense as a proprioceptive sensory perception of the rhythmic 
processes of the body, such as the heart-beat. It is obvious that 
such an explanation does not resolve the unique character of time- 
perception at all, for the receiving mechanism in the brain is pre- 
sumed to interpret the rhythmic motions in terms of time. What 
need have we for a heart-clock when we must in any case have a 
brain-clock in order to interpret it? 

This consideration leads us to an objection which has been in- 
variably urged against the dualistic theories of consciousness, and 
that is the difficulty of conceiving interaction between such diverse 
things as an immaterial entity and matter. It is this difficulty 
which has led to the formation of the various views of psycho- 
physiological parallelism, whereby, for some reason not readily 
comprehensible, unless we accept the monistie interpretation of 
Spinoza, the phenomena of consciousness and those of material 
events march parallel with one another reproducing each other in 
every minutest respect. But now that we conceive time as one of 


ce AO 


the dimensions of a space-time entity, and assuming that this 
entity and the consciousness-entity intersect or coincide in the 
time-dimension, interaction becomes just as feasible and compre- 
hensible as if they intersected in one of the space-dimensions. It is 
true that consciousness generates no energy, and therefore con- 
tributes nothing to the total energy-output of the body—but inter- 
action without alteration of the output of energy is precisely what 


6 The importance of the time-sense in the evolution of man has latterly 
been especially emphasized by Korzybski (‘‘The Manhood of Humanity,’’ 
New York, 1921), but from quite a different point of view to that which has 
been adopted here. 


CONSCIOUSNES 


we should expect if inter 
because rates a} dl no 
the language of the chemis 
as a catalysor, affecting o 
final condition, save to the 
equilibrium may be attain 
n preference to another. 
It must not be forgo 
mutual, and that consciou 


in one state and again in } 


S AND THE SENSE OF 1 


i@TION S 


t masses would be 


COLUSCLO 


lv rates 


o the ti 
the quantitie 
usness might be e 


ot transtormatio 


extent that alternative r 


“{ may be 


tten, hoy 
STICSS fi} 


inother, « 


is important to realize that these a 


chine which are merely re 


vy stered 


serousness no more venerates the ( 


an automatic piano. Thi 
disturbed if the registra! 


or compelled to employ 


brain of the composer generates the 


IS the he 


ol these 


av rossly 


insane. Conversely, any interac 





IME 697 


me-dimenslol 


s affected. hh 
xpecteda TO acl 
n and not th 


yutes by which 


decided by a leration of one 
vevel that this ntera »} : 
Is the ceiving apparatus ne 
lue wholly to bodily events It 
re states or conditions ot a ma 
by consciousness, and that co) 


electric current 
vl ly events are 
IS abser T aS ll ad 
Impertect appar 


‘TIO? ot COnSECLO 


catalytic manner oft which the possib lity has heen 


merely modify the chann 


els Ol ra 


tes of discharge 


the outcome will then be determined by the bodily mz 


whatever their subjective 


who displays them. to an erte) nal observe! all hod | 


appear to originate wholly in the material machine 
anv interference from consciousness. This does not 
existence of consciousness In an oreanisn s necess; 


To lemonstrate objectivel 


organism, conscious or otl 


counter 


v. but it 


werwiise, ¢ 


+ 


part may be to 
| 


is, under all the given cireumstanees. mechanistica] 


I suggest that this hvpothes Ss of “"meechanis 


special claim to consider: 


experience with the mech 
and the deal ~ ¢ Col cep 


> , 
oT CONCeLIVING the evolut 


by organic nature—it ha 


ito? hee 


+ 


ahistice ve 


tions of 

lO} Oj ha | 
ror e 

s hee! dj 


nerev of the machine than th 


which Operates 
not necessar 


reamiless slee} 
atus, as The 
LSHeSS l Tie 


indicated, will 
of energy, an 
chine. Henex 
the individual 
V activities Wl 

tself, without 
mean that th: 


ir ly impossible 


| | f 
aoes INL PLN that no aet o 1n1\ 
in be any other than that whiel 
ly nevitabl 
1 inimisn nas 
. r ] } 
ause reconeies our supwweet 
ral iTions tT Ti phvsiol ~ 
! x 
reality Moreo the diffieul 
yrINC Ss Trom non-conse ] 
SCIOUSNeSS Nas ) bh ! | 


sSCcOoOVerer 








658 THE SCIENTIFIC MONTHLY) 


PASTEUR AND THE SCIENCE OF BIOLOGY 


By Professor CHARLES ATWOOD KOFOID 


UNIVERSITY OF CALIFORNIA 


HE life and work of Louis Pasteur has had fundamental and 
T far-reaching effects upon the direction and progress of the 
biological sciences. His influence may be traced along two paths 
the one a direct road to specifie developments such as the emergence 
and establishment of the science of bacteriology with its daughters, 
immunology and serology, and the concept of communicable dis 
eases each due to a specific organism. 

The other path of influence is less direct, but even more sig 


nificant in that it turned the thought and effort of investigators 


1 


in remoter fields into new lines of endeavor and thus shaped in 
directly the course of scientific progress. Illustrations of such 
potent influence flowing from Pasteur to the contemporary and 
subsequent development of the biological sciences are seen in at 
least four directions, namely, in the origin of the science of animal 
parasitology and its relations to human and comparative pathology 
in the effect of his disproof of the dogma of spontaneous genera 


tion upon the progress of evolutionary thought and the develop 


ment of reneties ; in the establishment of a demonstrated basis for 


i 


1 


Their close n 


the unity of the biological sciences and terrelatio 
with the physieal sciences; and in the significance of the exper 
mental method to the biological sciences as a whole. 

Thus, indirectly the method and results of Pasteur’s work both 
stimulated and directed the course of development of the biologieal 


. . , rt ry tha racnl+ hile 
sciences in many fundamental respects. This was the result alike 


of his commanding genius and of the human relations of his dis 
eoveries along practical and philanthropic lines. His genius 
ereated the absolutely necessary scientific basis for his influene: 


and the applications of his talents to problems of human interes 
extended that influence far and wide and gave it power not only 
over specialists but over the minds of thoughtful men generally. 


The selence of parasitology in relation TO disease owes 1TS orig 


and progress in large part to Pasteur’s work and influence, n¢ 
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only by analogy to bacteriology, but directly. Prior to his sue 
cessful attack upon the disease of silkworms parasitology was 
mainly a field for the investigation of the varied fauna of worms 
in the intestines of vertebrates, interesting to a few helmintho 
logical specialists. Pasteur’s studies on fermentation and his sue 
cessful attack upon the doctrine of spontaneous generatio) inspired 
him with the idea that communicable diseases were likewise due to 
germs. Not being a physician his access to these problems in man 
was for the time blocked. He therefore plunged with great zeal 
into the attack upon the diseases of the silkworm in the period 
between 1865 and 1870 and proved to the satisfaction of himself 
and his seientifie friends that the destructive pebrine of the silk 
worm was an infective corpusele of microscopic size found not 
only in the dying worm and sickly moths, but inherited in the eggs 
of infected moths by the next generation, and found also in some 
worms and moths showing at the time no signs of the disease. He 
saved the silk industry for France by this discovery and by his 
patient and persistent efforts to instruet the conservative French 
farmers in the practical methods of finding by microscopical ex 
amination stocks of moths free from the corpuscles of infection. 
He exposed ruthlessly the unscrupulous growers and vendors of 
infected stocks and finally sueeeeded in establishing standards of 
purity which saved this industry for his country, and thus paved 
the way for the prompt payment of the war indemnity of later 
vears to Germany. 

Pasteur did not know at the time that the corpusele which hi 
discovered was not a bacterium but an animal, a protozoa His 


d seovery Was however. made pr or To onr kk) owledge ot The eNIsST 


enee of those parasitic protozoans which produce disease in man and 
other animals. It was not until 1880 that Lavera) found the 
malarial parasite in the blood of mai intil 1891 that Couneilman 
nd Lafleur proved that ameeba caused dysentery and liver abseess 


n man: and until 1902 that Dutton discovered trypanosomes in 


the blood of patients suffering from what was later proved to be 
the dread sleeping sickness of African natives and travellers. Pas 
teur’s discovery opened the minds of men to the relations of para 
sitie organisms in general to disease and showed the possibility 
that some infections might be hereditary and persistent Ile em 


phasized the parasitie aspect of the pebrine corpuscle, later kn 


as the protozoan Nosema bombycis, and paved the way for the lat 


expansion of human and comparative parasitology to its n 
enlarging relations to pathology and diseass 

The dogma of the spontaneous generation of living organisms 
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sistent as biological speculation. It is even quite impossible to say 
to-day that it is as yet quite dead. Many biologists even now harbor 
the hope that the progress of scientific discovery may some day 
enable man to describe in scientific terms and perhaps even to 
repeat the conditions experimentally under which the functions of 
life appear in matter and the simplest forms of life emerge from 
the non-living world. This process, however, when discovered, will 
be orderly and a part of the system of nature. 

The ghost of spontaneous generation, which Pasteur and Tyn 
dall so convincingly laid, was the belief and dogma supported at 
that time by reputable experimental biologists that it was possible 
to produce in dead and putrescent organic material in sealed glass 
tubes living organisms of known types. Life thus appeared to be 
derived from the dead material and the idea of the continuity of 
life was disenthroned. Pasteur proved beyond a shadow of a doubt 
that the experiments upon which the so-called proof of spontaneous 


generation rested were faulty in technique and that any organie 


substance once sterile and afterwards protected from the access 
of germs remained ever after sterile and free from living organisms 
of fermentation and deeay, and of any kind whatever. 

This proof was fundamental to Pasteur’s new conception of 
the germ theory of communicable diseases, to Lister’s aseptic surg 
ery and underlies the suecess of the modern canning industry. It 
has had, however, far wider influences than these in the fields of bio 
logical thought and has determined the subsequent direction and 
rate of biological progress in no small degree. It proved conclu 
sively the practical point that known forms of life can be produced 
only from preexistent organisms of the same kind. Not only do 
figs come from figs, but typhoid germs only from the typhoid 
bacillus. The firm establishment of this faet so soon after the pub 
lication of Darwin’s ‘Origin of Species’” rendered great service 
to the acceptance of the idea of organic evolution by establishing 
the fact of the orderly descent of organisms, the absolutely essen 
tial foundation stone for Darwin’s contribution of the idea of 
descent with modification. At one stroke Pasteur not only unified 
the organie world, but prepared the way in men’s minds for the 
idea of the unity of all vital processes. A by-product in our ow: 
day of this lifting of the incubus of a false dogma from the minds 
of men is seen in the rapid growth of the study of the mechanism 
of heredity and the birth of the science of genetics. 

In another striking particular Pasteur’s work is significant 
and will be, let us hope, increasingly prophetic for the mode of 


scientific progress in the future. I refer to the unification in his 
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attack upon research problems of scientific disciplines now so 


f or 


widely segregated and dispersed in separate compartments ¢ 
ganized science both in scientific edueation and in research. The 
rapid progress of science in the last fifty vears has earried inves 
tigation and investigators into widely divergent compartments, 
walled off from each other by professional, bibliographical and de 
partmental barriers that effectually prevent interchange of ideas 
and methods and offer, one might almost dare to say, the most 
impassable barrier to successful scientific discovery in our univer 
sity life to-day—hence the growing tendeney to establish research 
institutes where the disciplines separated in the university are 
united in attack upon common problems. 

Pasteur’s investigations ranged through nearly the whole gamut 


of our categories of the physical and natural sciences. He was ; 


all 


chemist, erystallographer, physicist, bacteriologist, mycologist 
tomologist, parasitologist, protozoologist, and above and over 
an experimental biologist. His life is an example to us all in these 
days of specialization. We ean not turn back the hands of the 
clock of science to those days of Pasteur’s early work when the 
sciences were simpler and rudimentary, but his results should teach 
us the value of synthesis as over against specialization and impress 
upon us the necessity of breadth of preparation in all sciences for 
effective work in any one of them. Above all, does it teach us the 
unity of all science and the great value and stimulus which may be 
derived from their close interrelation in instruetion and research. 
Take, for instance, the first scientific problem attacked by Pasteur, 
that of the symmetry of crystals. It is fundamentally a problem 
of the organization of matter and extends from spiral nebulw in 
the milky way through erystals to the living world, to the twisted 
trunk of the fox-tail pine and the left-handed child. 

We owe to Pasteur the enthronement of the experimental 
method in the biological sciences. Without it biology is at the 


mere\ of hypothesis. Pasteur, next to his hatred of falsehood 


and greed, dreaded nothing more than the possibility that he might 
vr be led to eonelude that something might be true because he desired 
it to be true. Scientifie prejudice, if this incompatible juxtapos 


moment he permitted, WaS Pasteny S 
His 
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tion of words may for the 
hete now, and the experimental method was his salvat oO! 


method has for a 
f all 


skillful, simple and eonvineing use of the }] 
armament o 


made it an indispensable weapon in th 
biological sciences whose assaults every hypothesis must ultimat 


withstand before recognition can be granted 


Pasteur’s life and labors were dominated supreme 
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alties, to his parents, to his home, his wife and children, to his 
teachers, pupils and colleagues, to his country and to his faith 
and to science. Loyalty was his dominating passion. Service to 
his fatherland led him to take up so-called practical problems, silk- 
worm disease, the ailments of wines and beers, the dreaded anthrax 
of the herds of the French farmer, and typhoid and rabies. This 
breadth and strength of his loyalties carried him successfully past 
the Seylla of shorteut and futile methods which lesser men some- 
times attempt in the applied sciences and the Charybdis of dehu 
manized scientific abstraction to which some great minds limit 
their scientific endeavors and sympathies. For him the truth 
could be found in both fields of scientific endeavor, the pure and 
the applied, but his sole aim and goal was invariably the truth, and 
his method of attack the same in all cases. 

Investigators and students in the biological fields will find 
much to admire and much to learn in Pasteur’s methods of work. 
These were always characterized by the two elements which Poin- 
care has so emphasized in his essay on ‘‘The Method of Mathe- 
matical Discovery,’’ namely, intensive application to all the details 
of the problem by direct and repeated examination until his whole 
being, conscious and subconscious, was absorbed in its contempla- 
tion, and secondly the discursive excursions of his creative imagina- 
tion until the disjunet, diverse and ineoherent data began to be 
assembled in order, and the emerging relations excited those es- 
thetic satisfactions of the intellect which presage discovery. To 
these two steps Pasteur always added a third, the rigid test, by 
experiment, of the truth or falsity of every emerging discovery 
at every vulnerable point, until logic and reason alike approved 
the conclusion. 

To one who reads between the lines of Pasteur’s varied and 
so often successful methods of attack upon difficult problems and 
finds the ever-recurrent challenge to himself and his colleagues, 
‘*Let us all work,’’ one is impressed in it all by his belief in his ult) 
mate success. To him the world was neither chaos nor chance but 


infinite order and the expression of The Infinite. 
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THE PROGRESS OF SCIENCE 


CURRENT COMMENT 

By Dr. Epwin E. SLosson 

Science Service, Washinatoi 
THE ECLIPSE AND EINSTEIN 
The development of a batch of 
photographic plates is often awaited 
with impatience and anxiety. In the 
case of an amateur the impatience 
is manifested by the snapshotters 

and the anxiety by his sitters 
But perhaps never before have so 
many people in all parts of the world 
been eager to learn ‘‘how the plates 
turned out’’ as in the case of those 
brought back from Australia by Dr. 
W. W. Campbell, the man who ol 
serves the movements of the heaven 
ly bodies by night at the Lick Ob 


servatory and by day controls the 


movements of the students at the 
University of California. 

For these negatives taken during 
the eclipse of September 21 eon 
tained the evidence for or ag: 
the Einstein theory of relativity 
which has excited the interest of all 
astronomers and, for various rea 
sons, an unexpectedly large propor 
tion of the public. The less people 
understood it the more eager the. 
were to hear about it. 

The man who manifested the least 
anxiety abou the results of the 
eclipse expedition was apparently 
Einstein himself, for having made 
up his mind eight years ago how 
the heavenly bodies must behave he 
remains serenely indifferent to the 


efforts of astronomers to find out 


how they do behave. It followed as 


1 logical deduction from his theo 


of the relativit f a measurements 
nh space nd time that , f 
pussing ¢ st to the sul Wo a 
irawn out of its straight cours ‘ 
hough the light were attracted 

he pressure rf S } he aia 
And sine the path ot the ra . 


drawn inward toward the sur 


server n the eart} woking k 


ie ray would see the star as though 
t were moved outward from the 
sun. If a photograph of a group of 
stars taken with the sun in the mid 
dle is e ympared with a photograph 
of the same group without the sun, 
the images of the stars in the former 
ease will seem to have been displaced 
from their ordinary positions in the 
sky. The stars nearest the sun’s 
disk will naturally seem to have 
moved out the most The effect is 
the same as you have noticed when 
a patron of the bootleggers gets 
iboard a erowded street car \ 
move away from him and those ne 
est the obnoxious individual move 
farthest 

Nobod had discovered or sus- 
pected such a displacement of star 
images about the sun until Einstein 
predicted it from his mathematical 
theory As figured out from his 
formula, a ray of starlight just 
grazing the sun’s disk would be de 
flected toward the sunny side to the 
extent o 1.75 seeonds of are The 
star images further away would be 
(lisplaced less according to their ap 
parent distance from the sun 

Of course, the stars eal not 
photographed when the sun is shin 
ing into the telescope, so one mus 


wait till the sun is totally shielded 


from the earth by the moor The 
sritish astronomers took advantage 


of the first opportunity to put the 
Kinstein theory to the test the ‘ 
cupse of 1919, and they eame back 
from South America and Africa with 


the report that the star images were 
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THE SOLAR 
Photograph taken by the Crocker Eclips 
left for sk ptie sn 
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M. EDOUARD BAILLAUD 
Director of the Observatory of Paris, on whom the Bruce 
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OAL OIL FROM COAL 
~ kerosene first came int 
ump illuminant it was 
oil.’’ for it used to be 
that petroleum had someh 
formed from coal. Later th: 
was called in question 
rists are still disputing 
of oil. We seem likely 


up before we find out where 

me from. But even if coal oil 
turns out to have been an inappro 

ite name in the past, it may prove 

be true in the future. F* 

im ean be made from 
some day we may have to 
that way. 

For the less oil we have the mor 
we use. The lower the supply in the 
ground the higher the output of ow 
refineries. The report of the Bureau 
of Mines for January comes to my 
table to-day and I find that twenty 
million gallons of gasoline were 
turned out every day on the average, 
while for the same month in 1922 the rogen 
output was fourteen million gallons. | good « 
This increase can not keep up for In making 
ever, however liberally you may esti 
mate our unseen supply underground. dered 

The countries that are short of | This pas 
petroleum are already contriving sub s 
stitutes. The Germans, who were | gen or 
well supplied with coal, but had little vessel a 
oil, began before the war experiment degrees 
ing on methods of making artificial f a hundr 
petroleum. Since they have lost Under these 
some of their best coal fields through | and the hvdr 
the war and oil is harder to get than f ways 
ever, they have been still more active | ucts, and 
in such research, and it is rumored | petroleum 
by returned travelers that they have | tort. Th 
been more successful in that quest fractions 
than has appeared in print. What | sene, ber 
little has leaked out has mostly come | heavy r 
through the patents which Freidrich 
Bergius has taken out in Germany 
ind the United States from 1914 to 


1922. But a patent, especially a 


German patent, is by no means so 
‘patent’’ as it is supposed to be, 
not much is known by the out 
world about the details or the 

uf tieability of the process. 
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erustaceans and plants of earlier 
ages were afflicted with parasites and 
other pests. 

The earliest and simplest forms of | an elect: 
plant and animal life, the bacteria president o 
and protozoa, seem envious of later bridge, eminent 
arrivals and wage perpetual war on and later for 
them to this day. The larger ani searches, 
mals prey upon the smaller, but so do 


the smaller upon the larger, and the 


most dangerous of beasts of prey are 


the littlest. When man appeared on 


Academ\ 


goTton 
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the planet he found the microbe 
for him. sooner Yr n 


the lower son, pl 
forms of life, and, after death, if not versit 


dent In suc 
Waleott. secret 


sonian Institut 


before, become the food of our invis 


ble enemies. Even Tut-Ankh-Amen, 


embalmed and entombed for the per 
ial preservation f his person riam, president 
ultimate ye gathered | Stitution of Was! 
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vice-presiden 


Michelson. 


‘current evel of common 


SCIENTIFIC ITEMS Size Davip 
record with regret the death | inated by tl 
thur Gordon Webster. for 

than thirty years professor vancement 


in Clark University ; next veal 
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